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ABSTRACT 
Traumatic brain injury (TBI) is considered the “signature injury” for 
United States Veterans who deployed in support of Operation Enduring 
Freedom (OEF), Operation Iraqi Freedom (OIF), and Operation New Dawn 
(OND) since 2001.  Veterans with TBI may be at higher risk for subsequent 
intentional and unintentional injuries due to cognitive and executive function 
impairments from the injury and co-occurring psychiatric conditions.  This 
dissertation evaluated the association between TBI and attempted suicide, motor 
vehicle accidents, and opioid overdose, in a large cohort of United States 
OEF/OIF/OND Veterans aged 18 to 40 who received care in the Veterans Health 
Administration (VHA). 
  vii
These studies utilized data from the VHA electronic medical records 
collected between April 2007 and September 2012.  Study 1 evaluated the 
association between TBI and attempted suicide.  Veterans with TBI had 
approximately a 4-fold increased risk of attempted suicide compared to those 
without, adjusting for demographics (adjusted hazard ratio (aHR): 3.73, 95% CI = 
3.07, 4.53).  The mediation analyses suggested that the psychiatric conditions 
substantially attenuated the impact of TBI on attempted suicide (aHR: 1.25 (95% 
CI = 1.05, 1.48).  Study 2 evaluated the association between TBI and motor vehicle 
accidents.  Veterans with TBI had a 56% increased risk of motor vehicle accident 
compared to those without, adjusting for demographics (aHR: 1.58, 95% CI = 
1.27, 1.97).  However, the mediation analyses attenuated this association (aHR: 
1.17, 95% CI = 0.96, 1.43).  Study 3 evaluated the association between TBI and 
opioid overdose among OEF/OIF/OND Veterans receiving long-term opioid 
treatment for non-cancer, chronic pain.  Veterans with TBI had 2-fold increased 
risk for opioid overdose compared to those without, adjusting for demographics 
(aHR: 2.00, 95% CI = 1.26, 3.16).  Nevertheless, the mediation analyses suggested 
that psychiatric conditions attenuated the impact of TBI on opioid overdose 
(aHR: 1.38, 95% CI = 0.94, 2.01). 
  viii
In conclusion, these studies add to the literature about risk of intentional 
and unintentional injuries among Veterans with TBI.  Additionally, it highlights 
that Veterans with TBI and at least one co-morbid psychiatric condition are a 
particularly vulnerable group with the highest risk for injuries. 
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INTRODUCTION 
Background 
Since 2001, approximately 2.5 million United States armed forces were 
deployed to Iraq, Afghanistan and other regions in support of Operation 
Enduring Freedom, Operation Iraqi Freedom, and Operation New Dawn 
(OEF/OIF/OND) [21].  A substantial number of OEF/OIF/OND Veterans have 
survived injuries that would have been fatal in previous wars due to 
improvements in medicine and protective gear [19, 25, 32, 33, 50].  Mild 
traumatic brain injury (TBI) is considered the “signature injury” [100] of the 
recent wars, with an estimated 9–23% of OEF/OIF/OND Veterans reporting at 
least one mild TBI during their military service [30, 39, 78, 90].  The primary 
cause of the TBI for OEF/OIF/OND Veterans was exposure to blasts and 
explosions, such as improvised explosive devices [30, 39, 78, 90].  
OEF/OIF/OND Veterans may be at higher risk for subsequent intentional 
and unintentional injuries due to cognitive and functional impairments from the 
TBI [58] and co-occurring psychiatric conditions, including post-traumatic stress 
disorder (PTSD), depression, and substance abuse [44, 69].  However, few studies 
have evaluated the influence of TBI on these subsequent injuries.  This 
dissertation evaluated the associations between TBI and attempted suicide 
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(Study 1), motor vehicle accidents (Study 2) and opioid overdose (Study 3), in a 
large cohort of United States OEF/OIF/OND Veterans receiving care in the 
Veterans Health Administration (VHA).   
Overview of Traumatic Brain Injury 
Etiology of TBI 
TBI is defined as a “traumatically induced structural injury or 
physiological disruption of brain function resulting from an external force”[3].  
For the civilian population, TBIs most commonly result from blunt force injuries, 
including motor vehicle accidents, falls, sports injuries and physical assault, and 
all involve a direct trauma or translational force to the brain and/or the 
deformation of rapid acceleration/deceleration [95].  In the conflicts in Iraq and 
Afghanistan, the primary cause of TBI is exposure to blasts and explosions, such 
as improvised explosive devices [30, 39, 78, 90].  With blast injury, the 
transmission of the blast wave across the head causes the brain deformation 
within the skull [95].  Furthermore, TBI may be classified as “closed”, where the 
skull is not broken, fractured, or penetrated, or “open” (also called 
“penetrating”) where the skull is broken, fractured, or penetrated.   
The biomechanical impact from a blunt injury deforms brain tissue 
beyond the normal limits, resulting with stretched axons and disrupted cellular 
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function.  Since axons relay information, damage or disruption of axon integrity 
affects neural function.  The severity depends on how transient or permanent the 
degrees of axonal injury. [95]  The pathophysiology of blast-related TBIs was 
thought to induce neural changes comparable to blunt closed injuries [58, 96]; 
however, recent studies suggest this may not be the case [73, 92] and more 
research is needed to better understand the similarities and differences of blunt 
and blast injuries.  
The mechanical strains that occur particularly affect the long-coursing 
white matter network, or tracts, of the brain.  There are complex neural 
networks, particularly between the frontal, limbic, temporal and hypothalmuic-
pituitary-adrenal axis areas of the brain, which can be affected by a mild TBI.  
These regions regulate motivation, drive, mood and other associated behaviors.  
Additionally, even subtle pathology that disrupts the frontal and thalamic tracts 
is associated with memory and executive function impairments in individuals 
with mild TBI. [95]  
There is significant overlap of neural structures and functional 
characteristics in mild TBI and other psychiatric conditions.  More specifically, 
TBI and psychiatric conditions share the same underlying neural structures and 
may have common neurotrophic factors within the same brain regions with 
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neuropathological consequences mediating TBI and the psychiatric condition.  
Moreover, having one or more of these conditions could exacerbate functioning, 
such as impairment in executive functioning and dysregulation of mood. [95]  
TBI Severity 
TBI severity, which ranges from mild to severe, is based on four criteria at 
the time of injury: duration of loss of consciousness (LOC), altered mental status 
(AMS) and post-traumatic amnesia (PTA), and the Glasgow Coma Scale (GSC) 
[3].  The classification of TBI is similar in the military and civilian populations 
[58], with the severity of the TBI defined by the duration of these symptoms.  
However, the Veterans Affairs (VA) rely on self-reported duration of LOC, AMS 
and PTA to define the severity for a history of deployment-related TBI since 
acute symptom assessment from the military theatre is not always readily 
available [3].  Mild TBI is defined as a period of self-reported loss of 
consciousness ≤ 30 minutes, post-traumatic amnesia ≤ 24 hours, or altered mental 
status ≤ 24 hours following a credible injury mechanism (e.g. blast, motor vehicle 
accident, etc.), and Glasgow Coma Scale scores 13–15.  Moderate TBI is defined 
as a period of self-reported LOC > 30 minutes but less than 24 hours, AMS > 24 
hours and PTA > 1 day but less than 7 days, and GCS scores 9–12.  Severe TBI is 
defined as self-reported LOC > 24 hours, AMS > 24 hours, and PTA > 7 days, and 
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GCS score < 9.  The complete TBI severity classification utilized by the 
Department of Defense (DoD) and Veterans Affairs (VA) [24] is presented in 
Table A.1 in the Appendix.  Among the TBI cases reported by the Department of 
Defense between 2000 and 2013 (Q1–Q3) that were classifiable, 88.6% were 
classified as “mild”, 8.7% as “moderate,” 1.1% as “severe” and 1.6% as 
“penetrating” [5].   
Injury Recovery and Post-concussive Symptoms 
 Given the broad definition of TBI, there is a wide range of functional 
outcomes; most individuals with mild TBI will have minimal functional 
symptoms with little or no after effects while individuals with moderate to 
severe TBIs usually require intensive inpatient rehabilitation and many may 
have permanent functional impairments [4].  The majority of mild TBIs produce 
only transient neurological changes which spontaneously resolve [95].  Among 
civilians, the majority of symptoms associated with a mild TBI resolve within a 
month of the injury and individuals return to pre-injury level of functioning [60, 
70].  However, functioning has historically been based on neuropsychological 
functioning, which often appear to return to pre-injury level before physiological 
functioning.  In other words, appearing “asymptomatic” according to 
neuropsychological standards does not mean that pathophysiological 
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abnormalities have resolved. [95]  
Only a subset of individuals with mild TBI develops chronic symptoms, 
which is thought to occur from axonal degeneration and neuronal cell death after 
the acute phase of the injury but may also be associated with psychopathology.  
Axonal damage can diminish or disrupt the functional connectivity of the brain 
and thus slow processing of information.  The type and persistence of post-injury 
symptoms depend on the location and degree of axonal damage.  [95]  The 
chronic phase of TBI is often characterized as post-concussive syndrome, which 
constitutes a broad collection of cognitive, affective and somatic symptoms and 
may lead to chronic disability.  Nevertheless, post-concussive syndrome is non-
specific, with many of the symptoms overlapping with other conditions, 
including PTSD [78]. 
 The recovery may be different among military service members, 
especially if the Veteran continues to remain in the battlefield and is exposed to 
additional blasts during the recovery phase [37].  Furthermore, many of the 
injuries are complex, meeting the Veteran’s Health Administration’s (VHA) 
definition of polytrauma; that is, at least two co-occurring injuries resulting in 
physical, cognitive, psychological impairments or functional disability [4].  PTSD 
is a highly prevalent co-morbid condition in the Veteran population that can 
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exacerbate post-concussive symptoms [39, 78].   
Risk of Intentional and Unintentional Injuries 
Intentional injuries (i.e., suicidal behavior) and unintentional (i.e., 
overdose and motor vehicle accidents) are the leading causes of death among 
U.S. young adults, aged 18 to 40 [72].  In this age group, motor vehicle accidents 
and poisoning account for 84% of unintentional injury deaths [72], with the 
majority of the poisoning deaths resulting from prescription opioid overdose [65, 
68, 72].   The age of more than 70% of OEF/OIF/OND Veterans is between 18–40 
years [5].  This dissertation evaluated the association of TBI and subsequent 
intentional and unintentional injuries in a large cohort of U.S. OEF/OIF/OND 
Veterans aged 18 to 40 who use VA healthcare.  
Common Methods 
TBI Assessment 
Primary and Secondary TBI Screen 
Data for TBI were collected from the VA primary and secondary TBI 
screening tests.  Starting in April 2007, all OEF/OIF/OND Veterans entering the 
VA medical system were required to complete the one-time, mandatory primary 
TBI screening.  The primary screening consists of four questions to determine 
whether the Veteran may have sustained a TBI during deployment, including:  
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1. Nature of the deployment injury:  
a. Blast/explosion 
b. Fall 
c. Vehicular accident 
d. Fragment/bullet wound above the shoulders 
 
2. Clinical symptoms immediately following the injury event: 
a. Losing consciousness 
b. Being dazed/confused 
c. Not remembering the event 
d. Concussion or head injury 
 
3. New or worsening symptoms following the event:  
a. Memory problems 
b. Balance problems/dizziness 
c. Sensitivity to bright light 
d. Irritability 
e. Headaches 
f. Sleep problems 
 
4. Current symptoms occurring in the past week (same items as in 
question 3) 
 
The first two questions are necessary for the clinical classification of a TBI 
(e.g. an injury event and specific clinical symptoms), while the last two questions 
relate to post-concussive symptoms.  If a Veteran answers affirmatively to at 
least one item in each question in the primary screen, he/she is classified as 
“probable TBI” and referred for the comprehensive, secondary screening.   
The primary TBI screen, which is based on the Brief Traumatic Brain 
Injury Screen [26], has demonstrated high sensitivity (0.94) and moderate 
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specificity (0.59) in addition to high-internal consistency and test-retest reliability 
[41].  The VHA prioritized high sensitivity for the primary screen to ensure that 
all Veterans who may need care receive the necessary assessment and treatment, 
particularly those who sustained mild injuries [38].  However, this screen does 
not capture all Veterans who sustained a TBI during deployment, since Veterans 
without post-concussive symptoms will screen negative [30]. 
The secondary screen is administered by a clinician and consists of 
questions about the mechanism (e.g., blast or blunt trauma) and severity of the 
injury, current neurobehavioral symptoms, and psychiatric history.  At the end 
of screen, the clinician is required to confirm or rule out a TBI diagnosis.  
According to VHA policy, the secondary screen should be completed within 30 
days of primary screen referral [47].  However, this screen can be administered at 
any time following this 30 day period, especially when the number of Veterans 
requiring the evaluation exceeds the limited number of clinicians who are trained 
to administer it.  A recent study found that only 7% of VHA patients who 
screened positive on the primary screen refused referral for the comprehensive, 
secondary evaluation [37].  Further, the VHA patients who completed the 
secondary evaluation did not differ on demographic characteristics from those 
who did not complete it.  Among the VHA patients who received the 
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comprehensive evaluation, 62% completed the evaluation within 120 days after 
the primary screen [37].    
Study Design and Base Population 
A prospective cohort design, with respect to the assessment of the TBI 
exposure and injury outcomes, was used in all three studies.  The base 
population included United States (US) Veterans who were deployed in support 
of OEF/OIF/OND after September 11, 2001, received care in the VHA between 
VA fiscal years 2007 and 2012, and were aged 18 to 40 at the time of the primary 
TBI screen (n=518,427).  While most of the OEF/OIF/OND Veterans were 
deployed to combat regions in Iraq and Afghanistan, others have been deployed 
to other regions such as Kuwait and Saudi Arabia.  
We limited the base population to Veterans aged 18 to 40 at the time of the 
primary TBI screen since they represent the primary group deployed in support 
of OEF/OIF/OND, with more than 70% of Veterans within this age range [5]. 
Furthermore, there may be key differences between younger and older Veterans, 
as older Veterans may be more likely to have served in the military longer, have 
a higher rank, or have been deployed to other conflicts, such as Desert Storm.  
These factors may be related to their OEF/OIF/OND combat exposure and could 
influence the prevalence of deployment-related TBI and psychiatric conditions. 
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Additionally, we excluded Veterans with an ICD-9 diagnosis of bipolar 
disorder (296.0, 296.1, and 296.4–296.8), schizophrenia or other psychiatric 
disorder (293.81, 293.82, 295, and 297–298), except psychosis not otherwise 
specified due to trauma related hallucinations, at any time during the study 
period (n=26,190; 5%). These conditions have substantial mood instability and 
irrational, disorganized behavior that would strongly impact the assessment and 
prognosis of TBI [80].  Nevertheless, even if the Veterans were stabilized on 
medication to treat bipolar disorder and schizophrenia, they represent a small 
subset of the population (~5%) and likely have etiologically different associations 
between TBI and the intentional and unintentional injuries of interest.  Due to 
this small sample size and the rare outcomes, we were unable to examine these 
associations stratified by bipolar disorder and schizophrenia. 
Finally, Veterans with a probable TBI were excluded.  The probable TBI 
group included 1) Veterans who screened “probable” on the primary TBI screen 
but either did not complete the secondary screen or did not have a confirmed TBI 
diagnosis on the secondary screen and 2) those with a negative primary TBI 
screen but who answered affirmatively to the questions regarding deployment 
injury and clinical symptoms immediately following the injury event.  False 
positive screens may occur if the Veteran has other conditions, including PTSD 
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or other more peripheral conditions that have concussion-like symptoms, such as 
hearing loss and vestibular changes [18]. 
Among the 492,237 Veterans with a VA primary TBI screen who met the 
inclusion criteria, the majority screened negative (75%).  To minimize the 
possibility that Veterans experiencing TBI were included in the “No TBI” group, 
we further excluded 137,873 of the 369,107 Veterans who screened negative 
because they did not report post-concussive symptoms, but who reported a 
deployment injury and clinical symptoms immediately following the injury.  
This resulted with 231,234 Veterans categorized as “No TBI.”  Among the 123,130 
who screened positive, approximately 60% (n=70,930) received the 
comprehensive, secondary TBI evaluation within the study period.  Of these, 
42,395 (60%) had a confirmed TBI diagnosis on the secondary TBI evaluation and 
were categorized as “confirmed TBI.” (Appendix, Figure A.1)   
Data Sources 
VHA Electronic Medical Records 
All information, including the exposure, outcomes and covariates, was 
obtained from the VHA electronic medical records collected between April 2007 
and September 2012.  These databases capture all healthcare utilization occurring 
within the VA and a subset of care occurring at non-VA facilities that are billed 
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back to the VA.  The standard TBI screens were not administered prior to April 
2007, and we selected September 2012 as our end date because this marks the end 
of the last VA fiscal year of data available for research at the time the data was 
obtained for the dissertation. 
Most of the VHA electronic medical records were extracted and maintained 
on the VA Informatics and Computing Infrastructure (VINCI) server.   The VHA 
electronic medical record databases include the Corporate Data Warehouse (CDW) 
and National Patient Care Database (NPCD).   The secondary TBI evaluation was 
obtained from Patient Care Services (PCS) database, which is maintained by the 
VA Office of Strategic Planning and Measurements (OSPM).   The secondary TBI 
data for this study was uploaded and maintained to the VINCI server.  The VHA 
databases were merged by scrambled social security number, which is a unique 
identifier for each Veteran.  A description of all VHA electronic databases and 
the information available is presented in Table A.2 in the Appendix.  
Study Variables 
TBI Exposure 
The TBI and no TBI groups were classified based on information from the 
VA’s primary and secondary TBI screens.  TBI was defined as a Veteran who had 
a confirmed TBI diagnosis from the secondary screen.  No TBI was defined as a 
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Veteran with a negative TBI screen during the primary VA TBI screen. 
Additionally, we evaluated the severity and mechanism of injury among 
Veterans with a confirmed TBI diagnosis.  TBI severity, which ranges from mild 
to severe, is based on three criteria described in the previous section on TBI 
severity: duration of loss of consciousness, altered mental status and post-
traumatic amnesia [3, 24] (Appendix, Table A.1).  A Veteran could have 
sustained multiple deployment-related TBIs; however, only the most severe 
deployment-related TBI is recorded at the VA Secondary TBI evaluation.  The 
mechanism of injury was also recorded during the VA Secondary TBI evaluation 
and includes: blast; bullet, fragment or shrapnel; vehicle accident; fall; and other 
mechanism.  Unlike severity, all deployment-related mechanisms of traumatic 
brain injury were recorded; thus, mechanism of injury was not mutually 
exclusive. 
Demographic and Clinical Characteristics 
We evaluated demographic and clinical covariates, including sex, race 
(White, Black, Hispanic, Other, and Unknown), marital status (Single, Married, 
and Divorced/Separated/Other), and psychiatric conditions. The presence of four 
psychiatric conditions, including depression, post-traumatic stress disorder, 
anxiety disorders, and alcohol and drug related disorders (i.e., substance use 
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disorders), were based on ICD-9 diagnostic codes in VA inpatient and outpatient 
electronic medical records (Appendix, Table A.3) and operationalized as 
dichotomous variables (present vs. not present).  We considered a diagnosis to be 
present if the Veteran had at least two outpatient or one inpatient diagnosis at 
any time with the study period following the primary TBI screen.  We measured 
covariates following the primary TBI screen since medical records before and 
during military service (i.e., before the TBI) were unavailable.  Moreover, it can 
take several months to receive comprehensive mental health assessment 
following referrals from an initial clinic visit at which the primary TBI screen was 
administered or as recommended from the secondary TBI evaluation.   
We evaluated the use of healthcare utilization for the TBI and no TBI 
groups to determine if there were substantial differences that may lead to a 
differential misclassification bias.  Healthcare utilization was calculated as the 
number of clinic visits, including the total number of visits in the 12 months 
following the primary TBI screen and by type of treatment.  The types of clinic 
visits include primary care, mental health and substance abuse. (Appendix, Table 
A.4) 
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Statistical Analysis 
Descriptive statistics were computed for the total analytic sample, and 
stratified by TBI exposure.  Means and standard deviations were calculated for 
continuous measures, and frequency and percent were calculated for categorical 
measures. 
The incident rate, incident rate ratio, and 95% confidence intervals (CI) for 
each injury outcome (i.e. attempted suicide, motor vehicle accident and opioid 
overdose) were computed, comparing Veterans with and without TBI. 
Additionally, these rates were computed by mechanism and severity of injury.  
All rates are reported per 10,000 person-years (PY).  The outcome assessment 
started 90 days after the primary TBI screen to allow enough time after the initial 
TBI screen for additional mental health referrals and for the diagnosis to appear 
in the medical record.  Cox-proportional hazard regression was used to estimate 
the hazard ratio and analyze the contribution of TBI and demographics to the 
rate of each injury outcome.    
Directed Acyclic Graphs (DAGs) were developed for each study to 
identify potential mediators and confounders to include in the multivariate 
models [76] (Appendix, Figures A.2 – A.4).  Stratified analyses were conducted to 
obtain rate ratios within levels of important mediators to assess homogeneity.  
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We calculated the interaction contrast (IC) in secondary analyses to evaluate any 
potentially important biologic interactions between TBI and each psychiatric 
condition, including PTSD, depression, anxiety disorder and substance use 
disorder.  The interaction contrast quantifies the rate of the injury outcome 
among Veterans with both TBI and a comorbid psychiatric condition compared 
to the rate that would be expected from the independent effects of TBI and the 
psychiatric condition.  A positive IC denotes a synergistic relationship, indicating 
a higher rate of the injury outcome among Veterans with both TBI and a 
comorbid psychiatric condition that would be expected given the independent 
effects of TBI and the psychiatric condition.  Similarly, a negative IC indicates an 
antagonistic relationship, with a lower rate of the injury outcome among 
Veterans with TBI and a comorbid psychiatric condition that would be expected 
from the independent effects.   
Finally, we conducted mediation analyses to determine the direct and 
indirect association between TBI and each injury outcome through clinically 
important mediators.  We evaluated psychiatric conditions as mediators in each 
study since they are confounders and also likely to be on the causal pathway 
between TBI and each injury outcome, and were identified after the TBI screen.  
Psychiatric conditions, such as depression and PTSD, may be chronic and the 
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first episode may have occurred prior to their deployment-related TBI.  At the 
time of this study, medical records prior to and during military service were 
unavailable so we could not measure for confounding directly.  Nevertheless, the 
psychiatric conditions that occur after the deployment-related TBI are likely 
correlated to psychiatric conditions that occurred prior to this TBI.  Thus, the 
mediator may also act as a proxy confounder measure. 
 We did not include multiple, specific  psychiatric conditions as mediators 
in the same model since they are strongly correlated and thus violate the 
assumption of independent causal pathways [49] [94].  Therefore, we conducted 
a mediation analysis with the co-occurrence of psychiatric conditions as the 
mediator (e.g. no psychiatric conditions, only one psychiatric condition present, 
and two or more psychiatric conditions present).  We calculated the inverse 
probability weights using logistic regression [74, 94], with the mediator as the 
outcome and adjusting for the baseline demographic confounders: age, sex, race, 
and marital status.  We computed the direct and indirect effects of TBI on the 
injury outcome, adjusting for covariables, using a weighted Cox proportional 
hazard model [74].  Standard errors and 95% confidence intervals were 
computed using a robust sandwich covariance estimator.  Finally, the proportion 
of the total effect that was explained by the mediator, or simply percent 
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mediated, was computed as the beta coefficient for the indirect effect divided by 
beta coefficient for the total effect [49].  The mediation analyses were repeated in 
secondary analyses for two separate subgroups: 1) Males only and 2) Veterans 
without moderate or severe TBI. 
Analyses were conducted using SAS (version 9.3) software.  All statistical 
tests were two-sided and used 95% confidence intervals. 
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ASSOCIATION BETWEEN TRAUMATIC BRAIN INJURY AND 
ATTEMPTED SUICIDE 
 
Introduction 
Suicide is a public health crisis among Veterans, with rates increasing in a 
subset of males under the age of 30 and females who used the Veterans Health 
Administration (VHA) between 2009 and 2011 [45].  Veterans who were 
deployed in support of Operation Enduring Freedom, Operation Iraqi Freedom, 
and Operation New Dawn (OEF/OIF/OND) may have a higher risk of suicide 
due to cognitive and executive function impairments arising from the TBI.  TBI is 
highly prevalent in this group of Veterans, with approximately 9–23% who 
experienced at least one deployment-relate traumatic brain injury (TBI) [30, 39, 
78, 90].  Observational and brain imaging studies in civilian [35, 57, 66, 82-84, 88] 
and Veteran [9, 14, 59, 82] populations have suggested an increased risk of 
suicidal behavior among patients with a history of TBI.  TBI can lead to 
impairments in executive functioning resulting in an increase in impulsivity [82] 
and aggression [15, 103], which are risk factors for suicide [15, 82, 103].  
Nevertheless, most previous studies evaluating suicidal behavior included 
patients with moderate and severe TBIs that required hospitalization and 
  
21
rehabilitation [7, 19, 34, 35, 46, 57, 66, 88] in the civilian population.  Those 
patient populations greatly differ from OEF/OIF/OND Veterans, where the 
majority of the TBIs are mild [30, 39, 78, 90].  The current study included all 
clinically confirmed TBIs, including mild TBI, as determined by the standardized 
VA comprehensive evaluation of TBI. 
The effect of TBI on attempted suicide also may be exacerbated by co-
occurring psychiatric conditions including post-traumatic stress disorder (PTSD), 
depression, and substance abuse [44, 69].  TBI rarely occurs in isolation in  
OEF/OIF/OND  Veterans; the nature of the conflict set the stage for complex 
physical and psychological illness [86].  In a prospective cohort of OEF/OIF/OND 
Veterans, almost 80% of those with mild TBI had co-occurring PTSD and 
approximately half had co-occurring depression [55].  TBI, PTSD and depression 
share the same underlying neural and cognitive systems, including the frontal 
lobe executive systems [75]; having more than one of these conditions may 
exacerbate impairment in executive functioning, leading to increased risk of 
suicide.   
Most studies have evaluated the association of TBI with suicide ideation 
[7, 9, 46, 59, 66, 75, 83, 84, 102, 103]; relatively few have examined completed 
suicide [34, 35, 57, 88] or attempted suicide [7, 9, 66, 83, 84].  Only 20% of persons 
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who attempt suicide will subsequently die by suicide [91] and 7–10% will die by 
suicide within two decades of their attempt [16, 42].  Despite the low proportion 
of persons who die of suicide compared to those who attempt it, individuals who 
attempt suicide have higher healthcare utilization and costs [86] [23] and lower 
quality of life [99].  Thus, it is important to understand the factors that may 
increase the risk of suicide. 
To date, only one study has assessed the risk of attempted suicides in a 
Veteran population with clinically confirmed TBIs compared to Veterans without 
a TBI, as well as the additional impact of co-occurring PTSD, depression and 
substance use disorder [14].  Veterans with PTSD had almost a 3-fold increase in 
the risk for attempted suicide compared to Veterans without PTSD, which 
existed among Veterans with and without a history of TBI.  Further, Veterans 
with co-morbid PTSD and TBI had between a two and three-fold increased risk 
of attempted suicide compared to Veterans without PTSD and TBI and Veterans 
with TBI only, respectively.  TBI was not associated with the risk of attempted 
suicide; however, these results may not be generalizable to all VHA users since 
the sample was limited to Veterans seeking mental health services who may have 
more severe psychiatric symptoms and thus stronger impact on the risk of 
attempted suicide. 
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In this study, we evaluated the association between TBI and attempted 
suicide in a large cohort of United States OEF/OIF/OND Veterans receiving care 
in the VHA between fiscal years (FY) 2007 and 2012.  We hypothesized that 
among OEF/OIF/OND Veterans who use VA healthcare between FY 2007 and 
2012, those with TBI would have a higher rate of attempted suicide than those 
without TBI, adjusting for clinically important demographic and clinical risk 
factors.  Additionally, we hypothesized that this association would be mediated 
through the number of psychiatric conditions, including PTSD, depression, 
anxiety disorder, and substance use disorder. 
Methods 
Study Sample 
The study population included OEF/OIF/OND Veterans aged 18 to 40 at 
the primary TBI screen.  Veterans were excluded if they had a suicide attempt or 
died during the 90 days following the primary TBI screen, hereafter referred to as 
the diagnostic assessment period.  Additionally, Veterans were excluded if the 
end of the study period occurred during the diagnostic assessment period.  For a 
more detailed description, refer to the Study Design and Base Population section 
in the Common Methods.   
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Data Sources 
Information for the TBI exposure, covariates and attempted suicide 
outcome was collected from the VHA data sources as described in the Data 
Sources section in the Common Methods. 
Measures 
TBI Exposure 
The exposure was TBI during military service, including the severity and 
mechanism of injury (refer to Data Sources section in the Common Methods for 
more detailed description).  TBI was defined as a Veteran who had a confirmed 
TBI diagnosis from the secondary screen.  No TBI was defined as a Veteran with 
a negative TBI screen during the primary VA TBI who also did not report a 
deployment head injury and clinical symptoms immediately following the injury 
event. 
Attempted Suicide Outcome 
Non-fatal, attempted suicide was captured using ICD-9 injury e-codes 
(E950–E959) recorded in emergency room visits or inpatient hospital admissions 
within the VA, or non-VA facilities that were billed back to the VA (i.e. care 
funded by the VA but provided in non-VA facilities, which accounted for 16% of 
all inpatient records).  E-codes specify the  mechanism of the injury and its intent 
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(e.g. intentional or non-intentional injury), and were assigned based  on guidelines 
and rules in the official guidelines for coding and reporting published by the 
Department of Health and Human Services.   The ICD-9 injury e-codes, by 
mechanism of injury, are presented in the Appendix (Table A.5).  Finally, we 
limited our analyses to the attempted suicide that occurred during the study 
period in order to measure the post-deployment incidence rate of first attempted 
suicide. 
Demographics and Clinical Characteristics 
We evaluated demographic and clinical covariates, including sex, race 
(White, Black, Hispanic, Other/Unknown), marital status (Single, Married, and 
Divorced/Separated/Other), and psychiatric conditions (PTSD, depression, 
anxiety disorder, and substance use disorder).  While we could not measure 
confounding by these psychiatric conditions, we were able to evaluate 
psychiatric conditions as mediators and adjust for demographics that were 
associated with TBI and the mediators (refer to the Directed Acyclic Graphs 
(DAG) in the Appendix, Figure A.2). 
Statistical Analysis 
The incident rate, incident rate ratio, and 95% confidence intervals (CI) for 
attempted suicide were computed, comparing Veterans with and without TBI.  
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All rates were reported per 10,000 person-years (PY).  A Veteran started to 
contribute person-time after the 3-month diagnostic assessment period following 
the primary TBI screen and continued to contribute time to the analysis until the 
date of the first suicide attempt, death, discontinuation of continual care at VHA 
(i.e. at least one outpatient clinic visit every 18 months following the primary TBI 
screen), or the censoring date, September 30, 2012.  Cox-proportional hazard 
regression was performed for crude and demographic adjusted models to 
estimate the hazard ratio.   
We conducted mediation analyses to determine the direct and indirect 
association between TBI and attempted suicide through the psychiatric 
conditions.  We evaluated these psychiatric conditions as mediators since they 
are likely to be on the causal pathway, and can influence the relationship 
between TBI and attempted suicide, but were identified after the TBI screen.  
However, we did not include multiple, specific  psychiatric conditions as 
mediators in the same model since they are strongly correlated and thus violate 
the assumption of independent causal pathways [49] [94].  Therefore, we 
conducted a mediation analysis with an ordinal variable that reflected the co-
occurrence of psychiatric conditions as the mediator (e.g. no psychiatric 
conditions, only one psychiatric condition present, and two or more psychiatric 
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conditions present).  We calculated the inverse probability weights using logistic 
regression, with the mediator as the outcome and adjusting for the baseline 
demographic confounders: age, sex, race, and marital status.  We computed the 
direct and indirect effects of TBI on attempted suicide, adjusting for covariables, 
using a weighted Cox proportional hazard model.  Standard errors and 95% 
confidence intervals were computed using a robust sandwich covariance 
estimator.   Finally, the proportion of the total effect that was explained by the 
presence of psychiatric conditions (i.e., the mediator), or simply percent 
mediated, was computed as the beta coefficient for the indirect effect divided by 
beta coefficient for the total effect [74].   
Results 
Study Sample 
Among the 273,629 Veterans who met the sample inclusion criteria (Figure 
A.1), this study further excluded Veterans who had a suicide attempt (n=105; 
0.04%) or died (n=126; 0.05%) during the 90 day diagnostic assessment period.  
Finally, we excluded Veterans where the study period ended during the 
diagnostic assessment period (n=12,094; 4.4%). Thus, the final sample consisted 
of 261,304 Veterans, including 40,968 (16%) with TBI and 220,336 (84%) without 
TBI.   
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Demographic and Clinical Characteristics 
The study sample was predominately male (84%), white (65%), and had 
an average age of 28.7 years (SD = 4.8) (Table 1.1).  PTSD (18%), depression (15%) 
and anxiety disorders (9%) were the most prevalent psychiatric conditions.  
Veterans with TBI had a higher prevalence of each psychiatric condition than 
those without TBI: a substantially higher prevalence of PTSD (64% vs. 10%), 
substance use disorders (13% vs. 4%) and depression (31% vs. 12%), and a 
moderately higher prevalence of anxiety disorder.  Nevertheless, their 
demographic characteristics were similar to persons without TBI.  Additionally, 
the Veterans with TBI had substantially more outpatient clinic visits compared to 
those without a TBI, which was largely due to a higher average number of 
mental health clinic visits (mean=7.3, SD=12.8 vs. mean=1.7, SD=5.3, respectively).   
The majority of Veterans had a mild TBI (88%), with the rest evenly 
distributed between moderate or severe.  In terms of mechanism of injury, blasts 
were the most common (75%) followed by other injuries (47%), motor vehicle 
accidents (40%), and falls (40%).  Bullet/fragment injury occurred in only 7% of 
the TBIs.   
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Association of TBI and Attempted Suicide 
There were 453 attempted suicides that occurred between fiscal years 2007 
and 2012, with a higher proportion among Veterans with TBI compared to those 
without (0.46% vs. 0.12%, respectively).  Compared to Veterans without TBI, 
those with TBI had a substantially higher unadjusted rate of attempted suicide 
compared to those without (Table 1.2; 20.02/10,000 PY vs. 5.15/10,000 PY).  The 
unadjusted rates of suicide were similar across mechanism and severity of injury.  
In the proportional hazards model, Veterans with TBI had almost a four-
fold increased risk of attempted suicide compared to those without (unadjusted 
HR = 3.87, 95% CI = 3.21, 4.67).  The risk was slightly attenuated after adjusting 
for demographics (adjusted HR, aHR = 3.73, 95% CI = 3.07, 4.53).  Among the 
demographic characteristics, being female, white and divorced/separated were 
associated with an increased risk of attempted suicide, with adjusted HRs 
ranging from 1.30 to 1.60.  (Table 1.3) 
The results of the mediation analyses suggested that the psychiatric 
conditions substantially attenuated but did not completely account for the 
impact of TBI on attempted suicide.  We observed an adjusted direct hazard ratio 
of 1.25 (95% CI = 1.05, 1.48).  Moreover, 82% of the effect of TBI on attempted 
suicide was mediated by the presence of co-occurring psychiatric conditions.  
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(Table 1.4)  Race and marital status also remained modestly associated with 
attempted suicide.  Results from the subgroup analyses among males only, and 
among Veterans without moderate or severe TBI, yielded similar results 
(Appendix, Table A.13). 
We conducted a secondary analysis to evaluate the biological interaction 
between TBI and each psychiatric condition: PTSD, depression, anxiety disorder 
and substance use disorder.  These conditions appeared to be the most influential 
modifiers in the stratified analyses (Appendix, Table A.8). The unadjusted risk of 
attempted suicide among Veterans with both TBI and each co-morbid psychiatric 
condition was greater than the risk that would be expected from the independent 
effects of TBI and that psychiatric condition.  The largest synergistic effects were 
observed for anxiety disorder (interaction contrast (IC) = 7.00/10,000 PY), 
depression (IC = 8.62/10,000 PY), and substance use disorders (IC = 13.31/10,000 
PY); we observed 7.00 to 13.31 more attempted suicides per 10,000 person-years 
that would be expected from the independent effects of TBI and each psychiatric 
condition. There were more modest effects observed for PTSD (IC = 3.97/10,000 
PY).  Results from the subgroup analyses among males only, and among 
Veterans without moderate or severe TBI, yielded similar results (Appendix, 
Tables A.9 – A.12) 
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Discussion 
This prospective study of OEF/OIF/OND Veterans receiving care in the 
VHA found that those who sustained a deployment-related TBI had an increased 
risk of attempted suicide compared to those without a TBI.  Additionally, the risk 
of attempted suicide among Veterans with both TBI and a co-morbid psychiatric 
condition was greater than the risk that would be expected from the independent 
effects of TBI and the psychiatric condition.  The mediation analyses suggested 
that having the co-morbid psychiatric conditions was the primary mechanism 
underlying suicide attempts; 82% of the effect of TBI on attempted suicide was 
mediated by the number of psychiatric conditions, after adjusting for 
demographics.  Thus, these data support both study hypotheses.  
These results are consistent with previous studies that suggested that TBI 
may increase the risk for attempted suicide.  Oquendo et al.  (2004) found that 
individuals with a history of mild TBI had a 27% increased risk of attempted suicide 
compared to those without [66], which is very similar to 25% increased risk we 
observed in the mediation analysis.  Furthermore, several studies found that 
psychiatric conditions are highly prevalent in individuals with a history of TBI [7] 
and may exacerbate the effect of TBI on attempted suicide [44, 69, 84]. 
Nevertheless, in the few studies evaluating the association between TBI and 
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attempted suicide in OEF/OIF/OND Veterans, TBI was not associated with the 
risk of attempted suicide after taking PTSD into account [9, 14] and that PTSD 
likely mediated the association between TBI and attempted suicide [9].  Our 
study observed that psychiatric conditions substantially attenuated but did not 
completely account for the impact of TBI on attempted suicide. 
This study was limited to OEF/OIF/OND Veterans who received care in 
the VA healthcare system.  All OEF/OIF/OND Veterans are eligible to use the VA 
system within five years of discharge from active military duty,  and even longer 
if they sustained a deployment-related injury or medical condition.  
Nevertheless, only 58% of OEF/OIF/OND Veterans have obtained VA health care 
from October 1, 2001 through December 31, 2013 [5].  OEF/OIF/OND Veterans 
who receive care at the VA closely resembles the demographic characteristics of 
the National Health Study for a New Generation of U.S. Veterans [28].  However, 
Veterans who receive care at the VHA may have lower socioeconomic status and 
limited access to private health insurance.  Furthermore, Veterans who use the 
VA healthcare system may have higher co-morbid mental health conditions and 
thus higher risk for attempted suicide than Veterans who do not use the system.  
Thus, our study sample may not be representative of Veterans who did not use 
the VA services during our study period. 
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Additionally, this study was limited to Veterans without a history of 
bipolar disorder or schizophrenia, and either confirmed or no deployment-
related TBI.  Nonetheless, our study sample had nearly identical baseline 
characteristics as the base population of Veterans aged 18 to 40 at the time of the 
initial TBI screen (Appendix, Table A.6).  However, the prevalence of PTSD was 
higher in the base population compared to the study sample (24.5% vs. 18.4%).  
This was not surprising given that the TBI screen has moderate specificity [26] 
and PTSD is one of the more common reasons for a false positive [41]. 
A limitation of this study was the lack of information regarding the 
frequency and severity of TBIs for Veterans who sustained multiple TBIs.  The 
VA Secondary TBI evaluation only reports the most severe deployment-related 
TBI and does not include frequency or severity for TBIs that occur prior to or 
after military service.  It is important to note that the definition of mild TBI is 
broad and thus encompasses a heterogeneous group, ranging from individuals 
with very minor head injury with functional recovery within the first 24 hours to 
individuals with injuries close to moderate TBI classification and some degree of 
permanent change in functioning [41] [95].  Furthermore, individuals with 
multiple mild TBIs had a similar proportion of post-concussive symptoms as 
individuals with a single TBI in the post-acute injury phase (>3 months)[61].  
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Thus, the lack of frequency and severity for Veterans with multiple TBIs would 
have had a minimal impact on this study’s observed association between TBI and 
attempted suicide.  
Misclassification of TBI and of attempted suicide could be present in our 
data.  The primary TBI screen only assessed OEF/OIF/OND deployment-related 
TBIs and Veterans classified as not having TBI  may have experienced a TBI prior 
to or following their deployment.  This non-differential misclassification of our 
exposure would make the Veterans with and without TBI similar, thus biasing 
the association between TBI and attempted suicide towards the null.  Assuming 
accurate bias parameters, the bias analyses suggested a modest bias towards the 
null with 10–20% misclassification of the TBI exposure and a moderate bias 
towards the null with 30% misclassification (Appendix, Table A.14).  The 
magnitude and direction of the bias for 10–30% misclassification was similar for 
specificity ranging between 95–100%.  
Likewise, attempted suicides could be underestimated if the Veteran went 
to the emergency room or was hospitalized in a non-VA facility and this 
hospitalization was not billed back to the VA or if no hospitalization occurred. 
However, our sample was limited to Veterans using the VA for their care and 
follow-up is censored for cessation of continual VA care.  Limiting attempted 
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suicides to those that resulted in an emergency room or inpatient hospitalization 
resulted in high sensitivity of our suicide measure since the ICD-9 codes 
assigned to these events are entered by professional trained medical coders.  
Furthermore, the nature of the intentional injury provides perfect specificity.  
More specifically, the majority of patients with attempted suicides are first 
treated for physical injuries which, in combination with the psychological 
evaluation, are indicative of self-harm.  Even in the absence of a physical injury, 
other strong evidence indicating self-harm (e.g. another person intervenes in the 
process of the attempted suicide), in addition to the psychological evaluation of 
the person’s intent, would lead to the conclusion of an attempted suicide.  A false 
positive rate of zero indicates perfect specificity, yielding an unbiased estimate of 
the rate ratio.  To evaluate the assumption of perfect specificity, and examine the 
consequences of imperfect specificity, we computed corrected risk ratios with the 
specificity of 0.9995.   Assuming accurate bias parameters, the bias analysis 
suggested a moderate bias towards the null (Se = 0.7 – 0.9, Sp = 0.9995, corrected 
RR = 5.75).  This suggests that if the assumption of perfect specificity was 
incorrect, we would have expected a stronger association between TBI and 
attempted suicide. 
There also could be differential misclassification for attempted suicide if 
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Veterans with TBI were more closely monitored than those without TBI.  We 
observed a higher rate of healthcare utilization among Veterans with TBI 
compared to those without TBI, which may support this assumption.  Assuming 
accurate bias parameters, the bias analyses suggested modest bias away from the 
null when attempted suicide was misclassified 10–20% in the no TBI group 
compared to 5% of attempted suicides misclassified in the TBI group (Appendix, 
Table A.15).  There was a moderate bias away from the null when attempted 
suicide was misclassified 30% in the no TBI group compared to 5% of attempted 
suicides misclassified in the TBI group. Thus, we would have expected a slightly 
weaker association between TBI and attempted suicide in the absence of 
differential misclassification. 
Finally, there may be a concern about residual confounding of psychiatric 
conditions.  Medical records prior to and during military service were 
unavailable.  While the history of these conditions may be recorded in VHA 
medical records, this information was not accessible without conducting an 
extensive chart review, which was not feasible due to time and financial 
constraints.  This study determined that the presence of psychiatric conditions 
diagnosed throughout the study period mediated the association between TBI 
and attempted suicide.  However, the mediation results may also reflect 
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confounding adjustment if the proxy confounder measure is correct.  Finally, this 
study evaluated the prevalence of these psychiatric conditions in each year of the 
study period and found that the prevalence remained relatively stable 
(Appendix, Table A.7). 
This study had several strengths, including a prospective study design, 
large sample size and unique population, specific definition of attempted suicide, 
and standardized measure of TBI.  More specifically, attempted suicides were 
limited to those that resulted in an emergency room visit or inpatient 
hospitalization.  This definition excluded suicide ideation, which may be 
misclassified as a possible attempt in outpatient visits.  Additionally, this study 
used the current, standard definition of TBI and assessed the severity and 
mechanism of deployment-related TBIs.  Most of the previous studies only 
included civilians with the moderate and severe TBIs that required 
hospitalization and rehabilitation  [7, 19, 34, 35, 46, 57, 66, 88], who greatly differ 
from OEF/OIF/OND Veterans, where the majority of the TBIs are mild [30, 39, 78, 
90].  Moreover, the previous studies suggested that patients with more severe 
TBIs may have a greater risk for suicide because they are more likely to feel like a 
burden to family and friends due to TBI-related loss of autonomy, or feel 
hopeless about their ability to return to their pre-TBI level of functioning [83].  
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The feelings of being a burden and hopelessness are risk factors for suicide [43], 
independent of any co-morbid psychiatric condition. 
In conclusion, suicide continues to be a growing concern among US 
Veterans. The results of this study suggest that OEF/OIF/OND Veterans with 
deployment-related TBIs are at increased risk of attempted suicide, suggesting 
that suicide prevention measures should target this prevalent group of Veterans.  
Moreover, Veterans with a TBI have a substantially higher prevalence of at least 
one psychiatric condition compared to Veterans without a TBI, and these 
psychiatric conditions may act as a catalyst that increases the risk of TBI and 
attempted suicide.  Thus, Veterans with TBI and at least one co-morbid 
psychiatric condition are a particularly vulnerable group with the highest risk for 
attempted suicide and should be closely monitored for suicidal behavior.   
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Table 1.1 – Baseline characteristics of OEF/OIF/OND Veterans receiving care at 
the VHA, total sample and by TBI status 
 
 
Total 
(n = 261,304) 
TBI 
(n = 40,968) 
No TBI 
(n = 220,336) 
Demographics    
Age 28.7 (4.8) 28.2 (4.5) 28.7 (4.8) 
Sex    
Males 219,979 (84.2%) 39,051 (95.3%) 180,928 (82.1%) 
Females 41,325 (15.8%) 1,917 (4.7%) 39,408 (17.9%) 
Race    
White 170,056 (65.1%) 30,339 (74.1%) 139,717 (63.4%) 
Black  37,772 (14.5%) 3,816 (9.3%) 33,956 (15.4%) 
Other 12,445 (4.8%) 2,116 (5.2%) 10,329 (4.7%) 
Unknown/Missing 41,031 (15.7%) 4,697 (11.5%) 36,334 (16.5%) 
Marital Status    
Single 103,882 (39.8%) 13,116 (32.0%) 90,766 (41.2%) 
Married 102,793 (39.3%) 18,273 (44.6%) 84,520 (38.4%) 
Divorced, separated, other 54,629 (20.9%) 9,579 (23.4%) 45,050 (20.5%) 
Baseline  Psychiatric Conditions    
PTSD 47,929 (18.3%) 26,151 (63.8%) 21,778 (9.9%) 
Depression 39,369 (15.1%) 12,786 (31.2%) 26,583 (12.1%) 
Anxiety disorder 24,368 (9.3%) 7,148 (17.5%) 17,220 (7.8%) 
Substance use disorders* 17,178 (6.6%) 6,561 (16.0%) 10,617 (4.8%) 
Alcohol  14,095 (5.4%) 5,488 (13.4%) 8,607 (3.9%) 
Other  6,935 (2.7%) 2,648 (6.5%) 4,287 (2.0%) 
Number of Psychiatric Conditions    
0 166,413 (63.7%) 8,452 (20.6%) 157,961 (71.7%) 
1 45,209 (17.3%) 12,787 (31.2%) 32,422 (14.7%) 
2 30,894 (11.8%) 11,139 (27.2%) 19,755 (9.0%) 
≥ 3 18,788 (7.2%) 8,590 (21.0%) 10,198 (4.6%) 
Outpatient Clinic Visits 15.4 (21.3) 31.7 (32.2) 12.3 (17.0) 
Primary care 2.7 (2.6) 3.8 (3.6) 2.4 (2.3) 
Mental health  2.6 (7.3) 7.3 (12.8) 1.7 (5.3) 
Substance abuse 0.6 (6.2) 1.3 (8.8) 0.4 (5.5) 
Note: Healthcare utilization and baseline psychiatric conditions were measured during the 12 months 
after the initial TBI screen. The number of psychiatric conditions refers to the total number of 
psychiatric conditions (PTSD, depression, anxiety disorder and substance use disorder) during the 
study period. 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New 
Dawn. 
 VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder. 
*Includes substance abuse and dependence.   
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Table 1.2 – Rate of attempted suicide between Fiscal Years 2007 and 2012 
among OEF/OIF/OND Veterans receiving care at the VHA, by number, 
mechanism and severity of TBI 
 
 n PY 
Crude Rate* 
 
(95% CI) 
Crude  
Rate Ratio  
 
(95% CI) 
Main TBI comparison     
No TBI 266 516,671 5.15 (4.53, 5.77) REF 
TBI 187 93,393 20.02 (17.15, 22.89) 3.89 (3.23, 4.69) 
Mechanism of Injury**     
No TBI 266 516,671 5.15 (4.53, 5.77) REF 
Blast 150 71,635 20.94 (17.59, 24.29) 4.07 (3.33, 4.82) 
Bullet, shrapnel 18 7,601 23.68 (12.74, 34.62) 4.60 (2.85, 5.62) 
Fall 94 37,677 24.95 (19.91, 29.99) 4.85 (3.83, 7.81) 
Vehicle accident 89 39,456 22.56 (17.87, 27.24) 4.38 (3.45, 5.54) 
Other 98 42,054 23.3 (18.69, 27.92) 4.53 (3.59, 5.75) 
Severity of Injury     
Mild 153 75,435 20.28 (17.07, 23.5) REF 
Moderate 8 5,242 15.26 (7.20, 28.8) 0.75 (0.37, 1.53) 
Severe 11 6,524 16.86 (8.95, 29.18) 0.83 (0.45, 1.53) 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. 
VHA = Veterans Health Administration; REF = reference group. 
n = number of attempted suicides; PY = person-years. 
* Crude rate = number of attempted suicides per 10,000 PY 
** Can have multiple deployment-related TBIs so mechanism of injury is not mutually exclusive 
Severity of injury is based on the worst deployment-related TBI 
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Table 1.3 – Unadjusted and adjusted associations between TBI and attempted 
suicide between Fiscal Years 2007 and 2012 among OEF/OIF/OND Veterans 
receiving care at the VHA  
 
 
Unadjusted 
Hazard Ratio 
(95% CI) 
Demographic 
Adjusted  
Hazard Ratio* 
(95% CI) 
TBI vs. No TBI 3.87 (3.21, 4.67) 3.73 (3.07, 4.53)  
Age  0.95 (0.93, 0.98) 
Sex (Females vs. Males)  1.30 (1.00, 1.68) 
Race (White vs. Other)  1.47 (1.19, 1.83) 
Marital Status (vs. single)   
Married   0.85 (0.68, 1.07) 
Divorced/Separated/Other  1.60 (1.27, 2.02) 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. 
VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder.  
* Adjusted for demographics, including age, sex, race and marital status. 
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Table 1.4 – Direct and indirect effects of TBI and attempted suicide, with the 
number of psychiatric conditions as mediators, between Fiscal Years 2007 and 
2012 among OEF/OIF/OND Veterans receiving care at the VHA 
 
 Hazard Ratio 
 (95% CI ) 
% 
Mediated 
TBI vs. No TBI 1.25 (1.05, 1.48)  
Age 0.94 (0.92, 0.96)  
Sex (Females vs. Males) 1.17 (0.93, 1.48)  
Race (White vs. Other) 1.50 (1.23, 1.84)  
Marital Status (vs. single)   
Married  0.89 (0.72, 1.12)  
Divorced/Separated 1.58 (1.28, 1.96)  
Number of psychiatric conditions* 2.94 (2.52, 3.43) 81.9% 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn; VHA = Veterans Health Administration;  
PTSD = post-traumatic stress disorder.  
% Mediated = proportion of the total effect that was explained by the mediator was computed 
 as the beta coefficient for the indirect effect divided by the beta coefficient for the total effect. 
* Ordinal measure of co-occurrence (none, single diagnosis, and two or more diagnoses). 
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ASSOCIATION BETWEEN TRAUMATIC BRAIN INJURY  
AND MOTOR VEHICLE ACCIDENTS 
 
Introduction 
While the prevalence of motor vehicle accidents among Operation 
Enduring Freedom, Operation Iraqi Freedom and Operation New Dawn 
(OEF/OIF/OND) Veterans is currently unknown, a few studies have reported a 
higher frequency of post-deployment motor vehicle accidents [93] and other self-
reported driving problems [6, 52].  These Veterans may have a high risk due to 
demographics, including young age and male gender [40, 54], unsafe driving 
behaviors acquired from pre-deployment “battlemind” training, such as 
speeding and making quick and unpredictable lane changes [1, 52], and issues 
with anger or impatience [12, 52].  Traumatic brain injury (TBI) may also be an 
important risk factor because TBI may impair cognitive functions, including 
attention, concentration, reaction time, speed processing, and executive 
functioning, which are necessary to perform complex, simultaneous driving 
tasks, thereby increasing the risk of motor vehicle accidents [71].  Several studies 
demonstrated an increased risk of subsequent motor vehicle accidents among 
civilians with a history of TBI [10, 22, 29, 36, 72, 77].  Nonetheless, the majority of 
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these studies were limited to patients with moderate and severe TBIs that 
required hospitalization and rehabilitation [10, 22, 29, 36, 72, 77].  This patient 
population greatly differs from OEF/OIF/OND Veterans, as the majority of the 
TBIs are mild in Veterans [30, 39, 78, 90].  The present study examines the 
association between TBI and the risk of motor vehicle accidents in 
OEF/OIF/OND Veterans aged 18 to 40. 
The effect of TBI on motor vehicle accidents may be exacerbated by co-
occurring psychiatric conditions, particularly post-traumatic stress disorder 
(PTSD) and substance abuse.  TBI rarely occurs in isolation in OEF/OIF/OND 
Veterans; the nature of the conflict leads to complex physical and psychological 
illness [86].  In a prospective cohort study of OEF/OIF/OND Veterans, nearly 80% 
of those with mild TBI had co-occurring PTSD and approximately 19% had co-
occurring substance use disorders, predominantly alcohol abuse or dependence 
[55].  TBI and PTSD share the same underlying neural substrates, and both can 
negatively impact cognitive functioning, including attention, concentration, 
reaction time, speed processing, and executive functioning [95, 96], which are 
important for safe driving [48, 51].  Substance abuse leads to similar cognitive 
impairments as TBI and PTSD, in addition to deficits in visuospatial functioning 
[95].  Thus, having one or more of these conditions may exacerbate the 
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impairments in cognitive, executive, and motor functioning, thereby increasing 
the risk of motor vehicle accidents. 
To our knowledge, only one study has examined the association between 
TBI and subsequent driving problems among individuals with a history of mild 
TBI [52].  Specifically, Lew et al. (2010) found that Veterans with PTSD, alone or 
co-occurring with TBI, had more persistent driving problems and self-reported 
motor vehicle accidents compared to Veterans without PTSD.  Moreover, 67% of 
Veterans with co-occurring PTSD and TBI reported persistent driving problems 
compared to 24% of Veterans with either TBI or PTSD.  Nevertheless, driving 
impairment information was based on self-report among a subset of VA 
polytrauma outpatient clinic patients who completed the questionnaire.  This 
study assessed the effect of TBI and co-morbid psychiatric conditions on the risk 
of serious, non-fatal motor vehicle accidents in a national cohort of 
OEF/OIF/OND Veterans. 
The current study evaluated the association between TBI and motor 
vehicle accidents in a large cohort of United States OEF/OIF/OND Veterans 
receiving care in the Veterans Health Administration (VHA) between fiscal years 
(FY) 2007 and 2012.  We hypothesized that among OEF/OIF/OND Veterans who 
use VA healthcare, those with TBI would have a higher rate of motor vehicle 
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accidents than those without TBI, adjusting for clinically important demographic 
and clinical risk factors.  Additionally, we hypothesized that this association 
would be mediated through the number of psychiatric conditions, including 
PTSD, depression, anxiety disorder, and substance use disorder. 
Methods 
Study Sample 
The study population included OEF/OIF/OND Veterans aged 18 to 40 at 
the primary TBI screen.  This study further excluded Veterans who had a 
diagnosis of seizure disorder at any time between April 2007 and September 
2012.  Further, Veterans were excluded if they had a motor vehicle accident or 
died during the 90 days following the primary TBI screen, hereafter referred to as 
the diagnostic assessment period.  Additionally, Veterans were excluded if the 
end of the study period occurred during the diagnostic assessment period.  For a 
more detailed description, refer to the Study Design and Base Population section 
in the Common Methods.   
Data Sources 
Information for the TBI exposure, covariates and motor vehicle accident 
outcome was collected from the VHA data sources as described in the Data 
Sources section in the Common Methods. 
  
47
Measures 
TBI Exposure 
The exposure was TBI during military service, including the severity and 
mechanism of injury (refer to Data Sources section in the Common Methods for 
more detailed description).  TBI was defined as a Veteran who had a confirmed 
TBI diagnosis from the secondary screen.  No TBI was defined as a Veteran with 
a negative TBI screen during the primary VA TBI who also did not report a 
deployment head injury and clinical symptoms immediately following the injury 
event. 
Motor Vehicle Accident Outcome 
Non-fatal, motor vehicle accidents were captured using ICD-9 injury e-
codes (E810–E925) recorded in emergency room visits or inpatient hospital 
admissions within the VA, or non-VA facilities that were billed back to the VA 
(i.e. care funded by the VA but provided in non-VA facilities, which accounted 
for 16% of all inpatient records).  The ICD-9 codes identify whether the person 
was the driver or passenger in the motor vehicle using the fourth-digit 
subdivision.  Since the focus of this study was to evaluate whether TBI increases 
the driver’s likelihood of causing a motor vehicle accident, the definition of the 
outcome was limited to drivers who were injured in a motor vehicle accident 
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(ICD-9 e-codes with the fourth sub-division of 0 and 2, where 0 indicates driver 
of a motor vehicle other than a motorcycle and 2 indicates driver of a 
motorcycle).  Finally, we limited our analyses to the first motor vehicle accident 
that occurred during the study period in order to measure the post-deployment 
incidence rate of first motor vehicle accident. 
Demographics and Clinical Characteristics 
We evaluated demographic and clinical covariates, including sex, race 
(White, Black, Hispanic, Other/Unknown), marital status (Single, Married, and 
Divorced/Separated/Other), and psychiatric conditions (PTSD, depression, 
anxiety disorder, and substance use disorder).  While we could not measure 
confounding by these psychiatric conditions, we were able to evaluate 
psychiatric conditions as mediators and adjust for demographics that were 
associated with TBI and the mediators (refer to the Directed Acyclic Graphs 
(DAG) in the Appendix, Figure A.3). 
Statistical Analysis 
The incident rate, incident rate ratio, and 95% confidence intervals (CI) for 
motor vehicle accidents were computed, comparing Veterans with and without 
TBI.  All rates were reported per 10,000 person-years (PY).  A Veteran started to 
contribute person-time after the 3-month diagnostic assessment period following 
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the primary TBI screen and continued to contribute time to the analysis until the 
date of the first motor vehicle accident, death, discontinuation of continual care 
at VHA (i.e. at least one outpatient clinic visit every 18 months following the 
primary TBI screen), or the censoring date, September 30, 2012.  Cox-
proportional hazard regression was performed for crude and demographic 
adjusted models to estimate the hazard ratio.   
We conducted mediation analyses to determine the direct and indirect 
association between TBI and motor vehicle accidents through the psychiatric 
conditions.  We evaluated these psychiatric conditions as mediators since they 
are likely to be on the causal pathway, and can influence the relationship 
between TBI and motor vehicle accidents, but were identified after the TBI 
screen.  However, we did not include multiple, specific  psychiatric conditions as 
mediators in the same model since they are strongly correlated and thus violate 
the assumption of independent causal pathways [49, 94].  Therefore, we 
conducted a mediation analysis with an ordinal variable that reflected the co-
occurrence of psychiatric conditions as the mediator (e.g. no psychiatric 
conditions, only one psychiatric condition present, and two or more psychiatric 
conditions present).  We calculated the inverse probability weights using a 
logistic regression, with the mediator as the outcome and adjusting for the 
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baseline demographic confounders: age, sex, race, and marital status.  We 
computed the direct and indirect effects of TBI on motor vehicle accidents, 
adjusting for covariables, using a weighted Cox proportional hazard model.  
Standard errors and 95% confidence intervals were computed using a robust 
sandwich covariance estimator.  Finally, the proportion of the total effect that 
was explained by the presence of psychiatric conditions (i.e., the mediator), or 
simply percent mediated, was computed as the beta coefficient for the indirect 
effect divided by beta coefficient for the total effect [74].   
Results 
Study Sample 
Among the 273,629 Veterans who met the sample inclusion criteria (Figure 
A.1), this study further excluded Veterans who had a diagnosis of seizure 
disorder at any time between April 2007 and September 2012 (n=1,688; 0.06%).  
Additionally, we excluded Veterans who had a motor vehicle accident (n=146; 
0.05%) or died (n=127; 0.05%) during the 90 day diagnostic assessment period.  
Finally, we excluded Veterans where the study period ended during the 
diagnostic assessment period (n=12,051; 4.4%). Thus, the final sample consisted 
of 259,617 Veterans, including 40,216 (15%) with TBI and 219,401 (85%) without 
TBI.   
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Demographic and Clinical Characteristics 
The study sample was predominately male (84%), white (65%), and their 
average age was 28.6 years (SD = 4.8) (Table 2.1).  PTSD (18%), depression (15%), 
and anxiety disorders (9%) were the most prevalent psychiatric conditions.  
Veterans with TBI had a higher prevalence of each psychiatric condition than 
those without TBI:  a substantially higher prevalence of PTSD (64% vs. 10%) and 
depression (31% vs. 12%), and a moderately higher prevalence of anxiety 
disorder and substance use disorders.  However, their demographic 
characteristics were similar to persons without TBI.  Furthermore, the Veterans 
with TBI had substantially more outpatient clinic visits compared to those 
without a TBI, which was largely due to a higher average number of mental 
health clinic visits (mean=7.2, SD=12.8 vs. mean=1.7, SD=5.3, respectively).   
The majority of Veterans had a mild TBI (89%), with the rest evenly 
distributed between moderate or severe.  In terms of the mechanism of injury, 
blasts were the most common (75%) followed by other injuries (47%), motor 
vehicle accidents (40%) and falls (39%).  Bullet/fragment injury occurred in only 
7% of the TBIs.   
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Association of TBI and Motor Vehicle Accident 
There were 489 non-fatal, motor vehicle accidents that occurred between 
fiscal years 2007 and 2012, with accidents occurring in a slightly higher 
proportion of Veterans with TBI compared to those without TBI (0.27% vs. 0.17%, 
respectively).  Additionally, compared to Veterans without TBI, those with TBI 
had a slightly higher unadjusted rate of motor vehicle accidents (Table 2.2; 
11.70/10,000 PY vs. 7.43/10,000 PY).  The unadjusted rates of motor vehicle 
accidents were similar across mechanism and severity of injury.  In the 
proportional hazards model, Veterans with TBI had a 58% increased risk of 
motor vehicle accident compared to those without TBI, adjusting for 
demographics (Table 2.3; adjusted HR (aHR) = 1.58, 95% CI = 1.27, 1.97).   
The results of the mediation analyses suggested that Veterans with TBI 
had only a slightly higher risk for motor vehicle accidents compared to those 
without (Table 2.4; aHR = 1.17, 95% CI = 0.96, 1.43).  Furthermore, 59% of the 
effect of TBI on motor vehicle accidents was mediated by the presence of co-
occurring psychiatric conditions.  Results from the subgroup analyses among 
males only, and among Veterans without moderate or severe TBI, yielded similar 
results (Appendix, Table A.22).   
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We conducted a secondary analysis to evaluate the biological interaction 
between TBI and each psychiatric condition: PTSD, depression, anxiety disorder 
and substance use disorder.  These conditions appeared to be the most influential 
modifiers in the stratified analyses (Appendix, Table A.17).  The unadjusted risk 
of motor vehicle accident among Veterans with both TBI and each co-morbid 
psychiatric condition was greater than the risk that would be expected from the 
independent effects of TBI and that psychiatric condition.  There were modest, 
synergistic effects between TBI and each psychiatric condition; we observed 0.61 
to 3.50 more motor vehicle accidents per 10,000 person-years that would be 
expected from the independent effects of TBI and each psychiatric condition 
(Appendix, Tables A.18 – A.21).  Results from the subgroup analyses among 
males only, and among Veterans without moderate or severe TBI, yielded similar 
results.  
Discussion 
In this prospective study of OEF/OIF/OND Veterans receiving care in the 
VHA we found that those who sustained a deployment-related TBI had a slight 
increase in risk for motor vehicle accidents compared to those without a TBI.  
Additionally, the risk of motor vehicle accidents among Veterans with both TBI 
and a co-morbid psychiatric condition was greater than the risk that would be 
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expected from the independent effects of TBI and the psychiatric condition.  The 
mediation analyses suggested that having co-morbid psychiatric conditions was 
the primary mechanism underlying motor vehicle accidents; 59% of the effect of 
TBI on motor vehicle accidents was mediated by the number of psychiatric 
conditions, after adjusting for demographics.  Thus, these data only supported 
the latter hypothesis; the association of TBI and motor vehicle accidents was 
mediated through the number of psychiatric conditions. 
The results of our study are consistent with previous studies that reported 
increased driving difficulties and motor vehicle accidents in OEF/OIF/OND 
Veterans, predominantly due to PTSD [6, 52].  Unlike symptoms of TBI, which 
typically resolve within a month of injury without treatment in the majority of 
patients [60, 70], PTSD symptoms usually do not resolve without treatment and 
thus are more chronic [79].  Furthermore, PTSD symptoms in the hyperarousal 
cluster, including anger, sleep disturbance and concentration problems, were 
identified as the most common risk factors for fatal motor vehicle accidents in 
civilian populations [2, 8, 89].  Amick et al. (2013) reported that the number of 
driving errors on the driving simulator increased with greater number of PTSD 
symptoms; however, the number of errors by the specific PTSD symptom 
clusters could not be determined [6].   
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This study was limited to OEF/OIF/OND Veterans who received care in 
the VA healthcare system.  All OEF/OIF/OND Veterans are eligible to use the VA 
system within five years of discharge from active military duty, and even longer 
if they sustained a deployment related injury or medical condition.  
Nevertheless, only 58% of OEF/OIF/OND Veterans have obtained VA health care 
from October 1, 2001 through December 31, 2013 [5].  OEF/OIF/OND Veterans 
who receive care at the VA closely resembles the demographic characteristics of 
the National Health Study for a New Generation of U.S. Veterans [28].  However, 
Veterans who receive care at the VHA may have lower socioeconomic status and 
limited access to private health insurance.  Furthermore, Veterans who use the 
VA healthcare system may have higher co-morbid mental health conditions and 
thus higher risk for motor vehicle accidents than Veterans who do not use the 
system.  Thus, our study sample may not be representative of Veterans who did 
not use the VA services during our study period. 
Additionally, this study was limited to Veterans without a history of 
bipolar disorder or schizophrenia, and either confirmed or no deployment-
related TBI.  Nonetheless, our study sample had nearly identical baseline 
characteristics as the base population of Veterans aged 18 to 40 at the time of the 
initial TBI screen (Appendix, Table A.6).  However, the prevalence of PTSD was 
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higher in the base population compared to the study sample (24.5% vs. 18.2%).  
This was not surprising given that the TBI screen has moderate specificity [26] 
and PTSD is one of the more common reasons for a false positive [41]. 
A limitation of this study was the lack of information regarding the 
frequency and severity of TBIs for Veterans who sustained multiple TBIs.  The 
VA Secondary TBI evaluation only reports the most severe deployment-related 
TBI and does not include frequency or severity for TBIs that occur prior to or 
after military service.  It is important to note that the definition of mild TBI is 
broad and thus encompasses a heterogeneous group, ranging from individuals 
with very minor head injury with functional recovery within the first 24 hours to 
individuals with injuries close to moderate TBI classification and some degree of 
permanent change in functioning [41, 95].  Furthermore, individuals with 
multiple mild TBIs had a similar proportion of post-concussive symptoms as 
individuals with a single TBI in the post-acute injury phase (>3 months)[61].  
Thus, the lack of frequency and severity for Veterans with multiple TBIs would 
have had a minimal impact on this study’s observed association between TBI and 
motor vehicle accidents.  
Additionally, this study lacked information on toxicology screens, which 
would identify the medications, illicit drugs, or alcohol that was in the Veteran’s 
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system at the time of the motor vehicle accident.   Sedative/hypnotics, 
antidepressants, and triptans are commonly prescribed in the OEF/OIF/OND 
Veteran population and may impair driving.  Nevertheless, sedative/hypnotics 
and antidepressants are considered mediators of the effect of psychiatric 
conditions on motor vehicle accidents in this study.  Mediation analyses are 
robust for unmeasured common causes; thus, it is not necessary to incorporate 
these medications in the mediation analysis evaluating TBI on motor vehicle 
accidents [94].  Triptans, which are prescribed to treat the acute onset of migraine 
symptoms, are the only medications likely to mediate the association between 
TBI and motor vehicle accidents.  Only 6% of our sample filled at least one 
prescription for triptans during the study period.  Moreover, individuals are 
highly unlikely to drive during migraine episodes that require the use of triptans 
and thus have a lower risk for a motor vehicle accident.   
Another limitation was the lack of access to driving records, which was 
not feasible in terms of the time and cost to obtain them.  Lack of driving records 
limits the information about risky driving behavior, such as driving without a 
license, speeding tickets, driving under the influence and number of previous 
accidents, which could increase the risk of having a serious motor vehicle 
accident.  There could be differential misclassification of motor vehicle accidents 
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if TBI was related to risky driving behavior or driving restrictions.  Assuming 
accurate bias parameters, the bias analyses suggest a slight bias away from the 
null with 10–20% misclassification and a modest bias away from the null with 
30% misclassification (Appendix, Table A.23).  Thus, we would expect a slightly 
weaker association between TBI and motor vehicle accidents in absence of 
differential misclassification.  
Another concern may be non-differential misclassification of motor 
vehicle accidents.  Despite limiting the motor vehicle accidents in which the 
Veteran was the driver, we could not assess if the Veteran or another driver was 
at fault without the driving records.  However, even if the driving records were 
available, there are several states considered no-fault states so the degree of 
information about the fault of the accident would greatly vary.  Additionally, 
motor vehicle accidents could be underestimated if the Veteran went to the 
emergency room or was hospitalized in a non-VA facility and this hospitalization 
was not billed back to the VA.  Nevertheless, care funded by the VA but 
provided in non-VA facilities, only accounted 16% of all inpatient records so it is 
unlikely we have more than a few motor vehicle accidents were not billed back 
to the VA.  Furthermore, the nature of the injury provides perfect specificity.  
More specifically, all patients evaluated in an emergency room or hospitalized 
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due to the motor vehicle accident are examined based on external, physical 
injuries or concern for internal injuries, such as a concussion.  They would also 
receive an extensive psychological evaluation if the evidence of the accident 
suggests intentional self-harm and would be coded as an attempted suicide if 
there is conclusive evidence.  A false positive rate of zero indicates perfect 
specificity, yielding an unbiased estimate of the rate ratio.  To evaluate the 
assumption of perfect specificity, and examine the consequences of imperfect 
specificity, we computed corrected risk ratios with the specificity of 0.9995.   
Assuming accurate bias parameters, the bias analysis suggested a slight bias 
towards the null (Se = 0.7 – 0.9, Sp = 0.9995, corrected RR = 1.74).  This suggests 
that if the assumption of perfect specificity was incorrect, we would have 
expected a slightly stronger association between TBI and motor vehicle accidents. 
Additionally, there may be a concern about misclassification of TBI since 
the primary TBI screen only assesses OEF/OIF/OND deployment-related TBIs 
and Veterans classified as not having TBI may have experienced a TBI prior to or 
following their deployment.  This non-differential misclassification would make 
the Veterans with and without TBI more similar, thus biasing the association 
between TBI and motor vehicle accidents towards the null.  Assuming accurate 
bias parameters, the bias analyses suggested an unbiased estimate at 10–20% 
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misclassification of the TBI exposure and only a slight bias toward the null with 
30% misclassification for specificity ranging between 99–100% (Appendix, Table 
A.24).  There was a modest bias toward the null for 10–30% misclassification and 
95% specificity. 
Finally, there may be a concern about residual confounding of psychiatric 
conditions.  Medical records prior to and during military service were 
unavailable.  While the history of these conditions may be recorded in VHA 
medical records, this information was not accessible without conducting an 
extensive chart review, which was not feasible due to time and financial 
constraints.  This study determined that the presence of psychiatric conditions 
diagnosed throughout the study period mediated the association between TBI 
and motor vehicle accidents.  However, the mediation results may also reflect 
confounding adjustment if the proxy confounder measure is correct.  Finally, this 
study evaluated the prevalence of these psychiatric conditions in each year of the 
study period and found that the prevalence remained relatively stable 
(Appendix, Table A.16). 
This study had several strengths, including a prospective study design, 
large sample size and unique population, an operational definition of motor 
vehicle accidents, and a standardized measure of TBI.  More specifically, we 
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were able to distinguish motor vehicle accidents in which the Veteran was the 
driver or the passenger of the vehicle.  Additionally, this study used the current, 
standard definition of TBI and assessed the severity and mechanism of 
deployment-related TBIs.  Most previous studies only included patients with 
more severe TBIs that required hospitalization and/or rehabilitation [10, 22, 29, 
71, 72, 77].  Moreover, patients with more severe TBI may have more lingering 
neuropsychological and physical injuries that may impact their driving and thus 
increase their risk for motor vehicle accidents [10, 22, 29, 71, 72, 77].  On the other 
hand, between 32 and 50% of patients do not resume driving following a severe 
TBI [10, 29, 70] and thus would have no risk for motor vehicle accidents as the 
driver.   
In conclusion, this study suggests that a history of military TBI, in absence 
of co-morbid psychiatric conditions, was not a risk factor for motor vehicle 
accidents requiring an emergency room visit or inpatient hospitalization.  Most 
Veterans sustained a mild TBI and may not have chronic cognitive impairments 
that would affect their driving.  Nevertheless, this study found that Veterans 
with co-morbid TBI and PTSD had an elevated risk for the more serious, non-
fatal motor vehicle accidents, suggesting that prevention measures should target 
this group of Veterans.  Providing these Veterans with treatment and cognitive 
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therapy to desensitize the “battlemind” driving behaviors may reduce the risk 
for motor vehicle accidents.  
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Table 2.1 – Baseline characteristics of OEF/OIF/OND Veterans receiving care at 
the VHA, total sample and by TBI status 
 
 
Total 
(n = 259,617) 
TBI 
(n = 40,216) 
No TBI 
(n = 219,401) 
Demographics    
Age 28.6 (4.8) 28.1 (4.5) 28.7 (4.8) 
Sex    
Males 218,545 (84.2%) 38,360 (95.4%) 180,185 (82.1%) 
Females 41,072 (15.8%) 1,856 (4.6%) 39,216 (17.9%) 
Race    
White 168,797 (65.0%) 29,721 (73.9%) 139,076 (63.4%) 
Black  37,547 (14.5%) 3,759 (9.4%) 33,788 (15.4%) 
Other 12,380 (4.8%) 2,093 (5.2%) 10,287 (4.7%) 
Unknown/Missing 40,893 (15.8%) 4,643 (11.6%) 36,250 (16.5%) 
Marital Status    
Single 103,353 (39.8%) 12,944 (32.2%) 90,409 (41.2%) 
Married 102,069 (39.3%) 17,899 (44.5%) 84,170 (38.4%) 
Divorced, separated, other 54,195 (20.9%) 9,373 (23.3%) 44,822 (20.4%) 
Baseline  Psychiatric Conditions    
PTSD 47,234 (18.2%) 25,579 (63.6%) 21,655 (9.9%) 
Depression 38,840 (15.0%) 12,478 (31.0%) 26,362 (12.0%) 
Anxiety disorder 24,065 (9.3%) 6,978 (17.4%) 17,087 (7.8%) 
Substance use disorders* 16,940 (6.5%) 6,404 (15.9%) 10,536 (4.8%) 
Alcohol  13,913 (5.4%) 5,370 (13.4%) 8,543 (3.9%) 
Other  6,827 (2.6%) 2,567 (6.4%) 4,260 (1.9%) 
Number of Psychiatric Conditions    
0 165,947 (63.9%) 8,389 (20.9%) 157,558 (71.8%) 
1 44,795 (17.3%) 12,619 (31.4%) 32,176 (14.7%) 
2 30,460 (11.7%) 10,882 (27.1%) 19,578 (8.9%) 
≥ 3 18,415 (7.1%) 8,326 (20.6%) 10,089 (4.6%) 
Outpatient Clinic Visits 15.2 (20.8) 31.3 (31.6) 12.3 (16.6) 
Primary care 2.6 (2.6) 3.8 (3.5) 2.4 (2.3) 
Mental health  2.6 (7.3) 7.2 (12.8) 1.7 (5.3) 
Substance abuse 0.6 (6.1) 1.3 (8.6) 0.4 (5.5) 
Note: Healthcare utilization and baseline psychiatric conditions were measured during the 12 months 
after the initial TBI screen. The number of psychiatric conditions refers to the total number of 
psychiatric conditions (PTSD, depression, anxiety disorder and substance use disorder) during the 
study period. 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New 
Dawn. 
 VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder. 
*Includes substance abuse and dependence.   
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Table 2.2 – Rate of motor vehicle accident between Fiscal Years 2007 and 2012 
among OEF/OIF/OND Veterans receiving care at the VHA, by number, 
mechanism and severity of TBI 
 n PY 
Crude Rate* 
 
(95% CI) 
Crude  
Rate Ratio  
(95% CI) 
Main TBI comparison     
No TBI 382 513,848 7.43 (6.69, 8.18) REF 
TBI 107 91,442 11.70 (9.48, 13.92) 1.57 (1.27, 1.95) 
Mechanism of Injury**     
No TBI 382 513,848 7.43 (6.69, 8.18) REF 
Blast 88 70,475 12.49 (9.88, 15.1) 1.68 (1.33, 1.94) 
Bullet, shrapnel 15 7,390 20.3 (10.03, 30.57) 2.73 (1.63, 3.44) 
Fall 54 37,033 14.58 (10.69, 18.47) 1.96 (1.48, 3.29) 
Vehicle accident 61 38,742 15.75 (11.79, 19.7) 2.12 (1.62, 2.82) 
Other 55 41,437 13.27 (9.77, 16.78) 1.79 (1.35, 2.34) 
Severity of Injury     
Mild 85 74,094 11.47 (9.03, 13.91) REF 
Moderate/severe 14 10,995 12.73 (7.29, 20.79) 1.11 (0.63, 1.95) 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. 
VHA = Veterans Health Administration; REF = reference group. 
n = number of motor vehicle accidents; PY = person-years. 
* Crude rate = number of motor vehicle accidents per 10,000 PY 
** Can have multiple deployment-related TBIs so mechanism of injury is not mutually exclusive 
Severity of injury is based on the worst deployment-related TBI 
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Table 2.3 – Unadjusted and adjusted associations between TBI and motor 
vehicle accident between Fiscal Years 2007 and 2012 among OEF/OIF/OND 
Veterans at the VHA  
 
Unadjusted 
Hazard Ratio 
(95% CI) 
Demographic 
Adjusted 
Hazard Ratio* 
(95% CI) 
TBI vs. No TBI 1.56 (1.26, 1.94) 1.58 (1.27, 1.97) 
Age  0.97 (0.95, 0.99) 
Sex (Females vs. Males)  1.14 (0.90, 1.44) 
Race (White vs. Other)  0.91 (0.75, 1.10) 
Marital Status (vs. single)   
Married   0.85 (0.69, 1.05) 
Divorced/Separated/Other  1.11 (0.89, 1.40) 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
PTSD = post-traumatic stress disorder.  
* Adjusted for demographics, including age, sex, race and marital status. 
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Table 2.4 – Direct and indirect effects of TBI and motor vehicle accidents, with 
the number of psychiatric conditions as mediators, between Fiscal Years 2007 
and 2012 among OEF/OIF/OND Veterans receiving care at the VHA 
 
 Hazard Ratio 
 (95% CI ) 
% 
Mediated 
TBI vs. No TBI 1.17 (0.96, 1.43)  
Age 0.96 (0.95, 0.98)  
Sex (Females vs. Males) 1.09 (0.87, 1.36)  
Race (White vs. Other) 0.89 (0.75, 1.07)  
Marital Status (vs. single)   
Married  0.90 (0.74, 1.11)  
Divorced/Separated 1.12 (0.90, 1.40)  
Number of psychiatric conditions* 1.31 (1.12, 1.54) 59.1% 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn; VHA = Veterans Health Administration;  
PTSD = post-traumatic stress disorder.  
% Mediated = proportion of the total effect that was explained by the mediator was computed 
 as the beta coefficient for the indirect effect divided by the beta coefficient for the total effect. 
* Ordinal measure of co-occurrence (none, single diagnosis, and two or more diagnoses).
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ASSOCIATION BETWEEN TRAUMATIC BRAIN INJURY 
 AND OPIOID OVERDOSE 
 
Introduction 
Pain is prevalent condition among Veterans who have served in support 
of OEF/OIF/OND, with 47 to 68% of Veterans reporting at least mild current pain 
[33, 55].  Among individuals with TBI [19, 25, 33, 53, 67, 87, 98], pain is a highly 
prevalent condition resulting from primary injuries or from secondary outcomes 
from the event that caused the TBI [64], and can occur independent of 
psychological conditions [63].  Opioid analgesics are frequently prescribed to 
individuals with non-cancer, chronic pain [13, 17, 56, 65] but the safety of these 
agents is in question given the significant rate of unintentional overdose [11, 13, 
56, 65, 68, 72], particularly among individuals receiving a high dose [11, 13, 56], 
with concurrent use of sedative/hypnotic medications [56, 81, 101], or co-
occurring substance abuse [11, 27, 62, 81].  To our knowledge, there are no 
published studies to date that have evaluated the association between TBI and 
opioid overdose in any population, civilian or military.   
In the United States, the number of opioid prescriptions has nearly 
doubled since 1994 and is largely attributed to the increase in awareness and 
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treatment of pain [65, 97].  In addition, individuals with co-morbid pain and 
psychiatric conditions are often inappropriately prescribed the highest dose and 
highest risk opioid therapy [62].  It is often difficult for a clinician to differentiate 
between physical pain and the somatic symptoms of psychiatric conditions, 
particularly those clinicians who lack specialized training in the management of 
pain and co-morbid psychiatric conditions such as in a primary care setting [81] 
[85].  Among OEF/OIF/OND Veterans seen at the VA Polytrauma clinics, the co-
occurrence of pain, PTSD and TBI as a triad were more commonly observed than 
each condition in isolation [53].  Additionally, depression, anxiety disorders, and 
substance use disorders, which are also prevalent conditions in the 
OEF/OIF/OND Veteran population [55], commonly co-occur with pain.  Veterans 
with TBI and co-morbid psychiatric conditions may receive the highest dose and 
highest risk opioid therapy, particularly for Veterans receiving opioid 
prescriptions outside of specialized pain clinics, thereby increasing the risk of 
opioid overdose. 
A few studies have evaluated the opioid prescription patterns and adverse 
clinical outcomes among OEF/OIF/OND Veterans.  An estimated 50% of 
OEF/OIF Veterans with blast-related injuries have received an opioid 
prescription [31] and are more likely to receive a higher dose compared to those 
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without blast-related injuries [20].  Additionally, Veterans with at least one 
psychiatric condition were also more likely to receive an opioid prescription and 
a higher dose than Veterans without a psychiatric condition [81].  Moreover, 
Veterans with PTSD, with and without co-morbid psychiatric conditions, were 
almost three times more likely to receive an opioid prescription and 42% more 
likely to receive the highest dose compared to Veterans without a psychiatric 
condition [81].  Veterans with psychiatric conditions also had a higher proportion 
of adverse clinical outcomes, including opioid, alcohol, and drug related 
accidents and overdoses, compared to Veterans without psychiatric conditions, 
and was the highest among Veterans with PTSD [81].  This study examined 
patterns of opioid dose for Veterans with and without a deployment-related TBI 
in a cohort of OEF/OIF/OND Veterans receiving opioids for the treatment of non-
cancer, chronic pain.  Further, this study assessed the effect of TBI, co-morbid 
psychiatric conditions, and opioid dose on the risk of opioid overdose.  
The current study evaluated the association between TBI and opioid 
overdose in a large cohort of United States OEF/OIF/OND Veterans receiving 
care in the Veterans Health Administration between fiscal years (FY) 2007 and 
2012.  We hypothesized that among OEF/OIF/OND Veterans who use VA 
healthcare, those with TBI would have a higher rate of opioid overdose than 
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those without TBI, adjusting for clinically important demographic factors.  
Additionally, we hypothesized that this association would be mediated through 
the number of psychiatric conditions, including PTSD, depression, anxiety 
disorder, and substance use disorder. 
Methods 
Study Sample 
The study population included OEF/OIF/OND Veterans aged 18 to 40 at 
the primary TBI screen.  The sample was further restricted to Veterans receiving 
long-term opioid treatment, defined as two or more prescriptions filled within 90 
days of the index prescription, and non-cancer, chronic pain as the indication for 
treatment.  Chronic pain is based on the definition from Bohnert et al. [11], and 
includes ICD-9 diagnostic codes for general chronic pain, headaches (other 
headache syndromes, migraines, tension, NOS and atypical face pain), back and 
neck pain, arthritis, arthropathies and other bodily pain, and neuropathies 
(Appendix, Table A.3).  Veterans were excluded if they had a cancer diagnosis, 
received radiation or chemotherapy, or had an outpatient cancer clinic visit prior 
to the initial opioid prescription.  Veterans were also excluded if they died 
during the three month assessment period that was used to define long-term 
opioid use.  Finally, Veterans were excluded if the end of the study period 
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occurred during this assessment period.  For a more detailed description, refer to 
the Study Design and Base Population section in the Common Methods.   
Data Sources 
Information for the TBI exposure, covariates and opioid overdose 
outcome was collected from the VHA data sources as described in the Data 
Sources section in the Common Methods. 
Measures 
TBI Exposure 
The exposure was TBI during military service, including the severity and 
mechanism of injury (refer to Data Sources section in the Common Methods for 
more detailed description).  TBI was defined as a Veteran who had a confirmed 
TBI diagnosis from the secondary screen.  No TBI was defined as a Veteran with 
a negative TBI screen during the primary VA TBI who also did not report a 
deployment head injury and clinical symptoms immediately following the injury 
event. 
Opioid Overdose Outcome 
Non-fatal, overdoses from opioid analgesics were captured using ICD-9 
diagnostic and injury e-codes, recorded in emergency room visits or inpatient 
hospital admissions within the VA, or non-VA facilities that were billed back to 
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the VA (i.e. care funded by the VA but provided in non-VA facilities, which 
accounted for 16% of all inpatient records).  The ICD-9 codes were limited to 
those that were explicitly coded as drug or medication poisonings of accidental 
intent (E850 – E858), intentional poisoning (E950.0–E950.6), or undetermined 
intent (E980.0, or 960 – 979 without an accompanying external cause of injury 
code).   Additionally, we included opioid-specific adverse event codes (E935.0, 
E935.1 and E935.2) that occurred on the same date as an overdose event, as 
defined by Dunn et al. [27].  Finally, we limited our analyses to the first opioid 
overdose that occurred during the study period in order to measure the post-
deployment incidence rate of first opioid overdose. 
Opioid Analgesics 
This study included commonly prescribed short-acting and long-acting 
opioids documented in the VHA system.  Short-acting opioids are administered 
as either single agents or as combination products containing acetaminophen or 
aspirin, and include codeine, hydrocodone, hydromorphone, morphine, 
oxycodone, and meperidine.  Long acting agents are categorized based on a long 
serum half-life or a delivery vehicle that allows less frequent administration (i.e., 
at most twice daily).  The long-acting opioids include sustained-release (SR) 
morphine sulfate, controlled-release (CR) oxycodone, and fentanyl.  Opioids 
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combined with other agents in elixirs (i.e. Promethazine/Codeine Syrup) and 
injectable opioids are not included in these analyses because elixirs are generally 
prescribed for acute conditions, such as bronchitis, rather than to treat chronic 
pain.  Injectable opioids are reserved for the most severe chronic pain, which is 
not representative of the types of chronic pain in the OEF/OIF/OND population.  
Additionally, these agents require a clinic visit to a pain specialist for each 
treatment and thus have a low risk of opioid overdose.  Finally, this study 
excluded Veterans prescribed methadone or buprenorphine as the initial opioid 
prescription since these agents are commonly used to treat opioid addiction (<1% 
of index opioid prescription). 
To assess the effects of opioid dose, each opioid agent was converted to 
the morphine equivalent dose.  The average daily dose was computed by 
dividing the total quantity by day supply and multiplying it to the morphine 
equivalent dose.  Dose was further categorized as defined by Dunn et al. [27].  
First, the average daily dose was divided into the following categories to 
examine the distribution of lower and higher doses: 1 – 19 mg, 20–49 mg, 50–99 
mg and 100 mg or greater.  Finally, dose was categorized as low (< 50 mg) and 
high (≥ 50 mg) dose.   
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Demographics and Clinical Characteristics 
We evaluated demographic and clinical covariates, including sex, race 
(White, Black, Hispanic, Other/Unknown), marital status (Single, Married, and 
Divorced/Separated/Other), and psychiatric conditions (PTSD, depression, 
anxiety disorder, and substance use disorder).  While we could not measure 
confounding by these psychiatric conditions, we were able to evaluate 
psychiatric conditions as mediators and adjust for demographics that were 
associated with TBI and the mediators (Refer to the Directed Acyclic Graphs 
(DAG) in the Appendix, Figure A.4). 
Statistical Analysis 
The incident rate, incident rate ratio, and 95% confidence intervals (CI) for 
opioid overdoses were computed, comparing Veterans with and without TBI.  
All rates are reported per 10,000 person-years (PY).  A Veteran started to 
contribute person-time after the 3-month assessment period following the index 
opioid prescription and continued to contribute time to the analysis until the 
date of the first opioid overdose, death, new cancer diagnosis, discontinuation of 
continual care at VHA (i.e. at least one outpatient clinic visit every 18 months 
following the primary TBI screen), or the censoring date, September 30, 2012.  
Cox-proportional hazard regression was performed for crude and demographic 
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adjusted models to estimate the hazard ratio.   
We conducted mediation analyses to determine the direct and indirect 
association between TBI and opioid overdose through the psychiatric conditions.  
We evaluated these psychiatric conditions as mediators since they are likely to be 
on the causal pathway, and can influence the relationship between TBI and 
opioid overdose, but were identified after the TBI screen.  However, we did not 
include multiple, specific  psychiatric conditions as mediators in the same model 
since they are strongly correlated and thus violate the assumption of 
independent causal pathways [49, 94].  Therefore, we conducted a mediation 
analysis with an ordinal variable that reflected the co-occurrence of psychiatric 
conditions as the mediator (e.g. no psychiatric conditions, only one psychiatric 
condition present, and two or more psychiatric conditions present).  Moreover, 
we did not include the use of sedative/hypnotics or other psychiatric medication 
since they are highly associated with opioid dose and psychiatric conditions and 
not likely to mediate the association between TBI and opioid overdose.  
Mediation analyses are robust for unmeasured common causes; thus, it is not 
necessary to incorporate these medications in the mediation analysis evaluating 
TBI on opioid overdose [94].   
Further, we calculated the inverse probability weights using a logistic 
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regression, with the mediator as the outcome and adjusting for the baseline 
demographic confounders: age, sex, race, and marital status.  We computed the 
direct and indirect effects of TBI on opioid overdoses, adjusting for covariables, 
using a weighted Cox proportional hazard model.  Standard errors and 95% 
confidence intervals were computed using a robust sandwich covariance 
estimator.  The proportion of the total effect that was explained by the presence 
of psychiatric conditions (i.e., the mediator), or simply percent mediated, was 
computed as the beta coefficient for the indirect effect divided by beta coefficient 
for the total effect [74].  Finally, we reran the mediation analysis in a subgroup 
receiving low dose opioids to assess the impact of confounding due to indication.  
We were unable to evaluate the association of TBI and opioid overdose through 
the psychiatric conditions among Veterans with high dose opioids due to the 
small proportion taking high dose and the few number of opioid overdose 
events. 
Results 
Study Sample 
Among the 273,629 Veterans who met the sample inclusion criteria (Figure 
A.1), this sample was further limited to 10,554 Veterans who had at least 2 opioid 
prescriptions filled within 90 days of the index opioid prescription.  
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Additionally, this study was limited to Veterans with chronic pain as the 
indication for treatment (n=9,257; 12.3%).  We further excluded Veterans with a 
cancer diagnosis prior to the index opioid prescription (n=130; 1.4%).  
Furthermore, we excluded Veterans who died (n=5; 0.1%) or had an opioid 
overdose (n=10; 0.1%) during the 90 day assessment period.  Finally, we 
excluded Veterans where the study period ended during this assessment period 
(n=244; 2.7%).  Thus, the final sample consisted of 8,868 Veterans, including 3,281 
(37%) with TBI and 5,587 (63%) without TBI.   
Demographic and Clinical Characteristics 
The study sample was predominately male (89%), white (77%), and their 
average age was 29.7 years (SD = 4.9) (Table 3.1).  Back and neck pain (72%), 
arthritis/arthropathies (71%), and headaches (31%) were the most common pain 
conditions indicated for opioid treatment.  PTSD (41%), depression (30%), and 
anxiety disorders (17%) were the most prevalent psychiatric conditions.  
Veterans with TBI had a higher prevalence of each psychiatric condition and 
headaches than those without TBI: a substantially higher prevalence of PTSD 
(73% vs. 22%) and headaches (54% vs. 18%), and a moderately higher prevalence 
of depression, anxiety disorder, and substance use disorders.  However, their 
demographic characteristics and initial opioid dose were similar to Veterans 
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without TBI.  Further, Veterans with TBI had substantially more outpatient clinic 
visits during the baseline assessment period compared to those without a TBI, 
which was largely due to a higher average number of mental health clinic visits 
(mean=8.3, SD=12.5 vs. mean=3.3, SD=7.7, respectively).  
The majority of Veterans had a mild TBI (83%), with the rest evenly 
distributed between moderate or severe.  In terms of the mechanism of injury, 
blasts were the most common (71%) followed by other injuries (44%), falls (42%) 
and motor vehicle accidents (40%).  Bullet/fragment injury occurred in only 8% of 
the TBIs.   
Association of TBI and Overdose 
There were 79 non-fatal, opioid overdoses that occurred between fiscal 
years 2007 and 2012, with a slightly higher proportion among Veterans with TBI 
compared to those without TBI (1.31% vs. 0.64%, respectively).  Furthermore, 
compared to Veterans without TBI, those with TBI had a slightly higher 
unadjusted rate of opioid overdose compared to those without (Table 3.2; 
56.66/10,000 PY vs. 26.92/10,000 PY).  The unadjusted rates of opioid overdose 
were similar across mechanism and severity of injury.  In the proportional 
hazards model, Veterans with TBI had a 2-fold increased risk of opioid overdose 
compared to those without, adjusting for demographics (Table 3.3; adjusted HR 
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(aHR) = 2.00, 95% CI = 1.26, 3.16).   
The results of the mediation analyses suggested that Veterans with TBI 
had only a slightly higher risk for opioid overdose compared to those without 
(Table 3.4; aHR = 1.38, 95% CI = 0.94, 2.01).  Additionally, 56% of the effect of TBI 
on opioid overdose was mediated by the presence of co-occurring psychiatric 
conditions.  Results from the subgroup analyses, which excluded females, 
Veterans with moderate or severe TBI, and those taking high dose opioids, 
yielded similar results (Appendix, Table A.31).  However, there was a higher 
proportion of the effect of TBI on opioid overdose that was mediated by 
psychiatric conditions, ranging from 66 to 74%. 
We conducted a secondary analysis to evaluate the biological interaction 
between TBI and each psychiatric condition: PTSD, depression, anxiety disorder 
and substance use disorder.  These conditions appeared to be the most influential 
modifiers in the stratified analyses (Appendix, Table A.26).  The unadjusted risk 
of opioid overdose among Veterans with both TBI and each co-morbid 
psychiatric condition, with the exception of PTSD, was greater than the risk that 
would be expected from the independent effects of TBI and that psychiatric 
condition, for depression, anxiety disorder, and substance use disorder.  There 
were moderate, synergistic effects between TBI and depression, anxiety disorder, 
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and substance use disorder; we observed 22.7 to 41.8 more opioid overdoses per 
10,000 person-years, respectively, that would be expected from the independent 
effects of TBI and each of these psychiatric conditions (Appendix, Tables A.28 – 
A.30).  Results from the subgroup analyses among males only, and among 
Veterans without moderate or severe TBI, yielded similar results.  By contrast, 
there were moderate, antagonistic effects between TBI and PTSD; we observed 
14.7 fewer opioid overdoses per 10,000 person-years, respectively, that would be 
expected from the independent effects of TBI and PTSD (Appendix, Table A.27).  
However, there was a modest, synergistic effect between TBI and PTSD, with 
12.1 more opioid overdoses per 10,000 person-years, when Veterans with 
moderate or severe TBI were excluded.  
Discussion 
In this prospective study of OEF/OIF/OND Veterans receiving care in the 
VHA we found that those who sustained a deployment-related TBI had a slightly 
higher risk for opioid overdose compared to those Veterans without a TBI.  
Moreover, the risk of opioid overdose among Veterans with both TBI and a co-
morbid psychiatric condition was greater than the risk that would be expected 
from the independent effects of TBI and that condition.  The mediation analyses 
suggested that having co-morbid psychiatric conditions was the primary 
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mechanism underlying opioid overdose; 56% of the effect of TBI on opioid 
overdose was mediated by the number of psychiatric conditions, after adjusting 
for demographics. Thus, these data support both study hypotheses. 
To our knowledge, this was the first study to evaluate the association 
between TBI and opioid overdose.  Nevertheless, several of our results are 
consistent with previous studies that found a high prevalence of TBI combined 
with psychiatric conditions among Veterans receiving opioid treatment for non-
cancer, chronic pain [81].  Additionally, our study found that opioid overdose 
was highest among Veterans with TBI and at least one psychiatric condition 
compared to Veterans with no psychiatric conditions [81].  Finally, we observed 
similar increased risk of opioid overdose among Veterans taking high dose 
versus low dose opioid therapy [27]. 
This study was limited to OEF/OIF/OND Veterans who received care in 
the VA healthcare system.  All OEF/OIF/OND Veterans are eligible to use the VA 
system within five years of discharge from active military duty, and even longer 
if they sustained a deployment related injury or medical condition. Nevertheless, 
only 58% of OEF/OIF/OND Veterans have obtained VA health care from October 
1, 2001 through December 31, 2013 [5].  OEF/OIF/OND Veterans who receive care 
at the VA closely resembles the demographic characteristics of the National 
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Health Study for a New Generation of U.S. Veterans [28].  However, Veterans 
who receive care at the VHA may have lower socioeconomic status and limited 
access to private health insurance.  Moreover, Veterans who use the VA 
healthcare system may have higher co-morbid mental health conditions and thus 
higher risk for opioid overdoses than Veterans who do not use the system.  Thus, 
our study sample may not be representative of Veterans who did not use the VA 
services during our study period.   
Additionally, this study was limited to Veterans without a history of 
bipolar disorder or schizophrenia, and either confirmed or no deployment-
related TBI.  Nevertheless, our study sample had nearly identical baseline 
characteristics as the base population of Veterans aged 18 to 40 at the time of the 
initial TBI screen (Appendix, Table A.6).  However, the prevalence of depression 
(18% vs. 30%) and PTSD (25% vs. 41%) was higher in the study sample compared 
to the base population.  This was not surprising given that pain, depression, and 
PTSD are prevalent co-morbid conditions in this Veteran population [55]. 
A limitation of this study was the lack of information regarding the 
frequency and severity of TBIs for Veterans who sustained multiple TBIs.  The 
VA Secondary TBI evaluation only reports the most severe deployment-related 
TBI and does not include frequency or severity for TBIs that occur prior to or 
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after military service.  It is important to note that the definition of mild TBI is 
broad and thus encompasses a heterogeneous group, ranging from individuals 
with very minor head injury with functional recovery within the first 24 hours to 
individuals with injuries close to moderate TBI classification and some degree of 
permanent change in functioning [41, 95].  Furthermore, individuals with 
multiple mild TBIs had a similar proportion of post-concussive symptoms as 
individuals with a single TBI in the post-acute injury phase (>3 months)[61].  
Thus, the lack of frequency and severity for Veterans with multiple TBIs would 
have had a minimal impact on this study’s observed association between TBI and 
opioid overdose.  
Misclassification of TBI and opioid overdose could be present in our data.  
Since the primary TBI screen only assessed OEF/OIF/OND deployment-related 
TBIs and Veterans classified as not having TBI  may have experienced a TBI prior 
to or following their deployment.  This non-differential misclassification of our 
exposure would make the Veterans with and without TBI similar, thus biasing 
the association between TBI and opioid overdose towards the null.  Assuming 
accurate bias parameters, the bias analyses suggested a slight bias toward the 
null at 10–20% misclassification of the TBI exposure and a modest bias toward 
the null with 30% misclassification (Appendix, Table A.32).  The magnitude and 
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direction of the bias for 10–30% misclassification was similar for specificity 
ranging between 95–100%. 
Similarly, opioid overdoses could be underestimated if the Veteran went 
to the emergency room or was hospitalized in a non-VA facility and this 
hospitalization was not billed back to the VA or if no hospitalization occurred. 
Nevertheless, care funded by the VA but provided in non-VA facilities, only 
accounted 16% of all inpatient records so it is unlikely we have more than a few 
opioid overdoses that were not billed back to the VA.  By limiting opioid 
overdoses to those that resulted in an emergency room or inpatient 
hospitalization, the sensitivity of overdose is high since the ICD-9 codes assigned 
to these events are entered by professional trained medical coders.  Furthermore, 
the nature of the overdose injury provides perfect specificity.  More specifically, 
the physical symptoms and toxicology tests would confirm a medication 
overdose.  Thus, the false positive rate of zero indicates perfect specificity, 
yielding an unbiased estimate of the rate ratio. To evaluate the assumption of 
perfect specificity, and examine the consequences of imperfect specificity, we 
computed corrected risk ratios with the specificity of 0.9995.   Assuming accurate 
bias parameters, the bias analysis suggested a slight bias towards the null (Se = 
0.7 – 0.9, Sp = 0.9995, corrected RR = 2.12).  This suggests that if the assumption of 
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perfect specificity is incorrect, we would have expected a slightly stronger 
association between TBI and opioid overdose. 
There also could be differential misclassification for opioid overdose if 
Veterans with TBI were more closely monitored than those without TBI.  We 
observed a higher rate of healthcare utilization among Veterans with TBI 
compared to those without TBI, which may support this assumption.  Assuming 
accurate bias parameters, the bias analyses suggested slight bias away from the 
null when opioid overdose was misclassified 10% in the no TBI group compared 
to 5% of opioid overdoses misclassified in the TBI group (Appendix, Table A.33).  
There was a modest bias away from the null when opioid overdose was 
misclassified 20–30% in the no TBI group compared to 5% of opioid overdoses 
misclassified in the TBI group. Thus, we would have expected a slightly weaker 
association between TBI and opioid overdose in the absence of differential 
misclassification. 
Finally, there may be a concern about residual confounding of psychiatric 
conditions.  Medical records prior to and during military service were 
unavailable.  While the history of these conditions may be recorded in VHA 
medical records, this information was not accessible without conducting an 
extensive chart review, which was not feasible due to time and financial 
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constraints.  This study determined that the presence of psychiatric conditions 
diagnosed throughout the study period mediated the association between TBI 
and opioid overdose.  However, the mediation results may also reflect 
confounding adjustment if the proxy confounder measure is correct.  Finally, this 
study evaluated the prevalence of these psychiatric conditions in each year of the 
study period and found that the prevalence remained relatively stable 
(Appendix, Table A.25). 
This study had several strengths, including a prospective study design, 
large sample size and unique population, specific definition of opioid overdose, 
and standardized measure of TBI.  More specifically, opioid overdoses were 
limited to those that resulted in an emergency room visit or inpatient 
hospitalization.  Outpatient clinic records may misclassify opioid overdoses if a 
flag for opioid overdose remains on the Veterans record even if this is no longer 
an active issue.  Additionally, this study used the current, standard definition of 
TBI and assessed the severity and mechanism of deployment-related TBIs.  
In conclusion, opioid overdose is a growing concern among US Veterans. 
The results of this study suggest that OEF/OIF/OND Veterans with deployment-
related TBIs have an increased risk for opioid overdose, and that this effect is 
largely attributable to co-morbid psychiatric conditions.  The etiology of chronic 
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pain, TBI, and psychiatric conditions is complex and it is often difficult to 
differentiate physical pain from the somatic symptoms of psychiatric conditions.  
Therefore, clinicians with specialized training in the management of pain and co-
morbid psychiatric conditions should evaluate these Veterans with chronic pain 
and determine the best treatment regimen.  In many cases, treating the 
psychiatric conditions can greatly reduce psychosomatic symptoms, such as 
pain.  Thus, opioid therapy, particularly at high doses, may not be the most 
appropriate treatment of pain, particularly among Veterans with a history of 
substance use disorders or concomitant use of sedative/hypnotics who are at the 
highest risk of opioid overdose.   
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Table 3.1 – Baseline Characteristics of OEF/OIF/OND Veterans receiving care 
at the VHA, total sample and by TBI status 
 
Total 
(n=8,868) 
TBI 
(n=3,281) 
No TBI 
(n=5,587) 
Demographics    
Age 29.7 (4.9) 29.0 (4.8) 30.1 (4.9) 
Sex    
Males 7,891 (89.0%) 3,134 (95.5%) 4,757 (85.1%) 
Females 977 (11.0%) 147 (4.5%) 830 (14.9%) 
Race    
White 6,800 (76.7%) 2,649 (80.7%) 4,151 (74.3%) 
Black  818 (9.2%) 210 (6.4%) 608 (10.9%) 
Other 366 (4.1%) 153 (4.7%) 213 (3.8%) 
Unknown/Missing 884 (10.0%) 269 (8.2%) 615 (11.0%) 
Marital Status    
Single 2,152 (24.3%) 696 (21.2%) 1,456 (26.1%) 
Married 4,472 (50.4%) 1,727 (52.6%) 2,745 (49.1%) 
Divorced, separated, other 2,244 (25.3%) 858 (26.2%) 1,386 (24.8%) 
Baseline Pain Conditions*    
General chronic pain 845 (9.5%) 402 (12.3%) 443 (7.9%) 
Back & neck pain 6,344 (71.5%) 2,498 (76.1%) 3,846 (68.8%) 
Headache 2,770 (31.2%) 1,764 (53.8%) 1,006 (18.0%) 
Arthritis/arthropathies/other  6,276 (70.8%) 2,419 (73.7%) 3,857 (69.0%) 
Neuropathy 152 (1.7%) 59 (1.8%) 93 (1.7%) 
Baseline  Psychiatric Conditions    
PTSD 3,639 (41.0%) 2,408 (73.4%) 1,231 (22.0%) 
Depression 2,664 (30.0%) 1,239 (37.8%) 1,425 (25.5%) 
Anxiety disorder 1,517 (17.1%) 650 (19.8%) 867 (15.5%) 
Substance use disorders** 899 (10.1%) 499 (15.2%) 400 (7.2%) 
Alcohol  626 (7.1%) 350 (10.7%) 276 (4.9%) 
Other  463 (5.2%) 270 (8.2%) 193 (3.5%) 
Number of Psychiatric Conditions    
0 2,977 (33.6%) 390 (11.9%) 2,587 (46.3%) 
1 2,207 (24.9%) 931 (28.4%) 1,276 (22.8%) 
2 2,128 (24.0%) 1,071 (32.6%) 1,057 (18.9%) 
≥ 3 1,556 (17.5%) 889 (27.1%) 667 (12.0%) 
Use of Sedatives/Hypnotics    
Baseline 3,163 (35.7%) 1,575 (48.0%) 1,588 (28.4%) 
Any time during study 
period 
4,103 (46.3%) 1,934 (59.0%) 2,169 (38.8%) 
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Total 
(n=8,868) 
TBI 
(n=3,281) 
No TBI 
(n=5,587) 
Initial Morphine-Equivalent Dose    
1 – 19 mg 5,497 (62.0%) 1,926 (58.7%) 3,571 (64.0%) 
20 – 49 mg 2,847 (32.1%) 1,125 (34.3%) 1,722 (30.9%) 
50 – 99 mg 362 (4.1%) 157 (4.8%) 205 (3.7%) 
≥ 100 mg 154 (1.7%) 72 (2.2%) 82 (1.5%) 
Outpatient Clinic Visits 29.0 (28.3) 39.0 (32.4) 23.2 (23.6) 
Primary care 4.5 (4.0) 5.4 (4.6) 4.0 (3.5) 
Mental health  5.1 (10.0) 8.3 (12.5) 3.3 (7.7) 
Substance abuse 0.7 (5.9) 1.1 (6.9) 0.5 (5.2) 
Note: Healthcare utilization and baseline psychiatric conditions were measured during the 12 
months after the initial TBI screen. The number of psychiatric conditions refers to the total 
number of psychiatric conditions (PTSD, depression, anxiety disorder and substance use 
disorder) during the study period. 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New 
Dawn. 
 VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder. 
** Can have multiple chronic pain conditions these conditions are not mutually exclusive. 
*Includes substance abuse and dependence. 
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Table 3.2 – Rate of opioid overdose between Fiscal Years 2007 and 2012 among 
OEF/OIF/OND Veterans receiving care at the VHA, by number, mechanism 
and severity of TBI 
 n PY 
Crude Rate* 
 
(95% CI) 
Crude  
Rate Ratio  
(95% CI) 
Main TBI comparison     
No TBI 36 13,373 26.92 (18.13, 35.71) REF 
TBI 43 7,589 56.66 (39.73, 73.60) 2.10 (1.35, 3.28) 
Mechanism of Injury**     
No TBI 36 13,373 26.92 (18.13, 35.71) REF 
Blast 33 5,504 59.96 (39.50, 80.41) 2.23 (1.39, 3.54) 
Bullet, shrapnel 7 701 99.86 (25.88, 173.83) 3.71 (1.65, 5.95) 
Fall 22 3,285 66.97 (38.99, 94.96) 2.49 (1.46, 5.59) 
Vehicle accident 22 3,202 68.71 (40.00, 97.42) 2.55 (1.50, 4.34) 
Other 22 3,271 67.26 (39.15, 95.36) 2.50 (1.47, 4.25) 
Severity of Injury     
Mild 31 5,846 53.03 (34.36, 71.69) REF 
Moderate/severe 9 1,313 68.55 (33.85, 125.11) 1.29 (0.62, 2.72) 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New 
Dawn;  
VHA = Veterans Health Administration; REF = reference group  
* Crude rate = number of opioid overdoses per 10,000 PY 
** Can have multiple deployment-related TBIs so mechanism of injury is not mutually exclusive. 
Severity of injury is based on the worst deployment-related TBI. 
  
  
91
Table 3.3 – Unadjusted and adjusted associations between TBI and opioid 
overdose between Fiscal Years 2007 and 2012 among OEF/OIF/OND Veterans 
at the VHA  
 
Unadjusted 
Hazard Ratio 
(95% CI) 
Demographic 
Adjusted 
Hazard Ratio* 
(95% CI) 
TBI vs. No TBI 2.07 (1.33, 3.22) 2.00 (1.26, 3.16) 
Age  0.96 (0.92, 1.01) 
Sex (Females vs. Males)  1.47 (0.74, 2.90) 
Race (White vs. Other)  1.58 (0.85, 2.93) 
Marital Status (vs. single)   
Married   1.14 (0.63, 2.06) 
Divorced/Separated/Other  1.48 (0.79, 2.76) 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
 PTSD = post-traumatic stress disorder.  
* Adjusted for demographics, including age, sex, race and marital status. 
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Table 3.4 – Direct and indirect effects of TBI and opioid overdose, with the 
number of psychiatric conditions as mediators, between Fiscal Years 2007 and 
2012 among OEF/OIF/OND Veterans receiving care at the VHA 
 Hazard Ratio 
 (95% CI ) 
% 
Mediated 
TBI vs. No TBI 1.38 (0.94, 2.01)  
Age 0.96 (0.92, 1.00)  
Sex (Females vs. Males) 1.72 (0.99, 2.98)  
Race (White vs. Other) 1.81 (1.13, 2.90)  
Marital Status (vs. single)   
Married  1.01 (0.63, 1.61)  
Divorced/Separated 1.14 (0.70, 1.84)  
Number of psychiatric conditions* 1.47 (1.04, 2.07) 55.7% 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn; VHA = Veterans Health Administration;  
PTSD = post-traumatic stress disorder.  
% Mediated = proportion of the total effect that was explained by the mediator was computed 
 as the beta coefficient for the indirect effect divided by beta coefficient for the total effect. 
* Ordinal measure of co-occurrence (none, single diagnosis, and two or more diagnoses). 
† Morphine-equivalent average daily dose. 
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 CONCLUSION 
This dissertation evaluated the associations between traumatic brain 
injury (TBI) and intentional and unintentional injuries in a large cohort of United 
States Operation Enduring Freedom, Operation Iraqi Freedom, and Operation 
New Dawn (OEF/OIF/OND) Veterans receiving care in the Veterans Health 
Administration.  The first study examined whether TBI was associated with an 
increased rate of attempted suicide, and if this association was mediated by the 
number of psychiatric conditions.  There were 453 attempted suicides that 
occurred between fiscal years 2007 and 2012, with a higher proportion among 
Veterans with TBI compared to those without (0.46% vs. 0.12%, respectively).  
Compared to Veterans without TBI, those with TBI had a substantially higher 
unadjusted rate of attempted suicide compared to those without (Table 1.2; 
20.02/10,000 PY vs. 5.15/10,000 PY).  In the proportional hazards model, Veterans 
with TBI had almost a four-fold increased risk of attempted suicide compared to 
those without (unadjusted HR = 3.87, 95% CI = 3.21, 4.67).  The risk was slightly 
attenuated after adjusting for demographics (adjusted HR, aHR = 3.73, 95% CI = 
3.07, 4.53) (Table 1.3).  The results of the mediation analyses suggested that the 
psychiatric conditions substantially attenuated but did not completely account 
for the impact of TBI on attempted suicide.  We observed an adjusted direct 
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hazard ratio of 1.25 (95% CI = 1.05, 1.48).  Moreover, 82% of the effect of TBI on 
attempted suicide was mediated by the presence of co-occurring psychiatric 
conditions (Table 1.4).  
The second study examined whether TBI was associated with an increased 
rate of motor vehicle accidents, and if this association was mediated by the 
number of psychiatric conditions.  There were 489 non-fatal, motor vehicle 
accidents that occurred between fiscal years 2007 and 2012, with accidents 
occurring in a slightly higher proportion of Veterans with TBI compared to those 
without TBI (0.27% vs. 0.17%, respectively).  Additionally, compared to Veterans 
without TBI, those with TBI had a slightly higher unadjusted rate of motor 
vehicle accidents (Table 2.2; 11.70/10,000 PY vs. 7.43/10,000 PY).  In the 
proportional hazards model, Veterans with TBI had a 58% increased risk of 
motor vehicle accident compared to those without TBI, adjusting for 
demographics (Table 2.3; adjusted HR (aHR) = 1.58, 95% CI = 1.27, 1.97).  The 
results of the mediation analyses suggested that Veterans with TBI had only a 
slightly higher risk for motor vehicle accidents compared to those without (Table 
2.4; aHR = 1.17, 95% CI = 0.96, 1.43).  Furthermore, 59% of the effect of TBI on 
motor vehicle accidents was mediated by the presence of co-occurring 
psychiatric conditions.   
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The third study of the dissertation examined whether TBI was associated 
with an increased rate of opioid overdose, and if this association was mediated 
by the number of psychiatric conditions.  There were 79 non-fatal, opioid 
overdoses that occurred between fiscal years 2007 and 2012, with a slightly 
higher proportion among Veterans with TBI compared to those without TBI 
(1.31% vs. 0.64%, respectively).  Furthermore, compared to Veterans without TBI, 
those with TBI had a slightly higher unadjusted rate of opioid overdose 
compared to those without (Table 3.2; 56.66/10,000 PY vs. 26.92/10,000 PY).  In 
the proportional hazards model, Veterans with TBI had a 2-fold increased risk of 
opioid overdose compared to those without, adjusting for demographics (Table 
3.3; adjusted HR (aHR) = 2.00, 95% CI = 1.26, 3.16).  The results of the mediation 
analyses suggested that Veterans with TBI had only a slightly higher risk for 
opioid overdose compared to those without (Table 3.4; aHR = 1.38, 95% CI = 0.94, 
2.01).  Additionally, 56% of the effect of TBI on opioid overdose was mediated by 
the presence of co-occurring psychiatric conditions. 
In conclusion, the studies comprising this dissertation suggest several 
important findings.  These studies suggest that OEF/OIF/OND Veterans with 
deployment-related TBIs are at increased risk of attempted suicide and opioid 
overdose, and that the effect is largely attributable to co-morbid psychiatric 
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conditions.  Furthermore, deployment-related TBI, in absence of co-morbid 
psychiatric conditions, was not a risk factor for motor vehicle accidents requiring 
an emergency room visit or inpatient hospitalization.  Nevertheless, Veterans 
with co-morbid TBI and PTSD had an elevated risk for the more serious, non-
fatal motor vehicle accidents.  Finally, these studies suggest that Veterans with 
TBI and at least one co-morbid psychiatric condition are a particularly vulnerable 
group with the highest risk for intentional and unintentional injuries and should 
be more closely monitored. 
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APPENDIX 
Table A.1 – VA and DoD consensus criteria for traumatic brain injury severity 
Criteria Mild Moderate Severe 
Loss of Consciousness (LOC) 0 – 30 minutes > 30 minutes 
and  < 24 hours 
> 24 hours 
Alteration of Mental Status (AMS) 0 – 24 hours > 24 hours; severity based on other 
criteria 
(LOC, PTA or GCS) 
Post Traumatic Amnesia (PTA) 0 – 1 day > 1 day and 
< 7 days 
> 7 days 
Glasgow Coma Scale (GCS) 13 – 15 9 – 12 < 9 
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Table A.2 – VA electronic medical record databases 
Data Manager Database Elements Available 
VINCI CDW: Healthfactor TBI primary screen questions 
OSPM PCS TBI secondary evaluation questions 
VINCI CDW: Patient Demographics 
VINCI NPCD: Outpatient  
Clinic File 
ICD-9 diagnosis codes, CPT-4 procedure 
codes, clinic visit codes 
VINCI NPCD: Patient 
Treatment File  
ICD-9 diagnosis codes, ICD-9 procedure 
codes, bed section codes 
Note: VINCI = VA Informatics and Computing Infrastructure; CDW = Corporate Data Warehouse;  
OSPM = VA Office of Strategic Planning and Measurements; NPCD = National Patient Care Database.   
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Table A.3 – Psychiatric conditions and pain ICD-9 diagnostic codes 
Diagnosis ICD-9 Code 
Psychiatric Conditions  
PTSD 309.81 
Anxiety disorders 293.84,300 308, 313.0, 313.1, 313.21, 313.22, 313.3, 313.82, 313.83 
Depression 296.2,296.3, 293.83, 300.4, 311   
Personality disorder 301 
Alcohol-related 
disorders 
291 303, 305.00–305.03   
Drug-related disorders 292, 304, 305.2 – 305.9    
Chronic Pain  
General chronic pain 338.0, 338.2, 338.4 
Back and neck pain 720–724, 805, 806, 846, 847 
Headache 339, 346, 307.81, 784.0, 350.2 
Arthritis/Arthropathies 
and other bodily pain 
354.0, 354.4, 355.5, 355.71, 710–719, 725–729, 731–738 
Neuropathy 337.0–337.19, 356–357, 377 
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Table A.4 – VA outpatient clinic stop codes 
Outpatient Clinic Clinic Stop Code 
Primary Care / Internal Medicine 301, 323, 348, 350 
Mental Health  502 – 599 
 
EXCEPT:  
528, 530, 536, 537, 542 – 546, 579, 597 (telephone consults) 
503, 513–514, 523, 535, 539, 548, 560, 572–573, 575, 582–583, 
588, 593–599 (Substance abuse / rehab) 
Substance Abuse / Rehabilitation 503, 513–514, 523, 535, 539, 548, 560, 572–573, 575, 582–583, 
588, 593–599 
Urgent Care / Emergency Department 130,131 
Note: The clinic stop codes do not include telephone consults 
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Table A.5 – ICD-9 injury codes for intentional and unintentional injuries 
Mechanism of Injury ICD-9 Code 
Attempted Suicide  
Poisoning E950.0 – E952.9 
Hanging, strangulation and suffocation E953.0 – E953.9 
Drowning E954.0 – E954.9 
Firearms E955.0 – E955.4 
Explosion and air guns E955.5 – E955.9 
Cutting or piercing E956.0 – E956.9 
Jumping from high place E957.0 – E957.9 
Other and unspecified means E958.0 – E959.9 
Overdose E810 – E825† 
Unintentional Overdose for Opioid Analgesics  
Drug or medication poisonings of accidental intent E850 – E858 
Intentional rug or medication poisonings E950.0–E950.6 
Undetermined intent, without an accompanying external cause of injury code E980.0, 960 – 979 
Opioid Adverse Event with Overdose recorded same day  
Opioid Adverse Event E935.0, E935.1, E935.2 
Overdose  276.4, 292.1, 292.8, 486, 496, 
518.81, 518.82, 780.0, 780.97, 
786.03, 786.05, 786.09, 786.52, 
799.0, E950–E959 
† Limited to the fourth-digit subdivision of 0 and 2, which indicates the driver of the vehicle was injured 
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Figure A.1 – Diagram of OEF/OIF/OND Veterans receiving care at the VHA 
between Fiscal Years 2007 and 2012 who met study inclusion criteria 
U.S. OEF/OIF/OND Veterans who received VA 
primary TBI screen (4/2007-9/2012) and 
Aged 18-40 at time of primary TBI screen
(n=518,427)
No diagnosis of bipolar disorder or schizophrenia at 
time of primary TBI screen
(n=492,237)
Negative TBI screen
(answered negatively to at least 1 
question on primary TBI screen)
(n=369,107)
Positive TBI screen
(answered affirmatively to all 4 
questions on primary TBI screen)
(n=123,130)
Comprehensive TBI 
Evaluation
(n=70,930)
No Comprehensive TBI 
Evaluation
(n=52,200)
Confirmed TBI
(n=42,395)
No TBI
(answered negatively to all questions 
on primary TBI screen)
(n=231,234)
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Figure A.2 – Directed Acyclic Graph (DAG) of the association of TBI and attempted suicide among 
OEF/OIF/OND Veterans receiving care at the VHA between Fiscal Years 2007 and 2012 
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Figure A.3 – Directed Acyclic Graph (DAG) of the association of TBI and motor vehicle accidents among 
OEF/OIF/OND Veterans receiving care at the VHA between Fiscal Years 2007 and 2012 
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Figure A.4 – Directed Acyclic Graph (DAG) of the association of TBI and opioid overdoses among 
OEF/OIF/OND Veterans receiving care at the VHA between Fiscal Years 2007 and 2012 
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Table A.6 – Baseline characteristics of OEF/OIF/OND Veterans receiving care at the VHA, base population and 
by each study sample 
 
Base Population 
(N = 518,427) 
 
Study Samples 
Attempted 
Suicide Study 
(n = 261,304)  
MVA  
Study 
(n = 259,617) 
Opioid 
Overdose 
Study 
(n = 8,868) 
Demographics     
Age 28.5 (4.7) 28.7 (4.8) 28.6 (4.8) 29.7 (4.9) 
Sex     
Males 452,222 (87.2%) 219,979 (84.2%) 218,545 (84.2%) 7,891 (89.0%) 
Females 66,205 (12.8%) 41,325 (15.8%) 41,072 (15.8%) 977 (11.0%) 
Race     
White 349,437 (67.4%) 170,056 (65.1%) 168,797 (65.0%) 6,800 (76.7%) 
Black  69,432 (13.4%) 37,772 (14.5%) 37,547 (14.5%) 818   (9.2%) 
Other 24,353   (4.7%) 12,445   (4.8%) 12,380   (4.8%) 366   (4.1%) 
Unknown/Missing 75,205 (14.5%) 41,031 (15.7%) 40,893 (15.8%) 884 (10.0%) 
Marital Status     
Single 201,412 (38.9%) 103,882 (39.8%) 103,353 (39.8%) 2,152 (24.3%) 
Married 205,179 (39.6%) 102,793 (39.3%) 102,069 (39.3%) 4,472 (50.4%) 
Divorced, separated, other 111,836 (21.6%) 54,629 (20.9%) 54,195 (20.9%) 2,244 (25.3%) 
Current Psychiatric Conditions     
PTSD 127,008 (24.5%) 47,929 (18.3%) 47,234 (18.2%) 3,639 (41.0%) 
Depression 91,089 (17.6%) 39,369 (15.1%) 38,840 (15.0%) 2,664 (30.0%) 
Anxiety disorder 55,757 (10.8%) 24,368   (9.3%) 24,065   (9.3%) 1,517 (17.1%) 
Substance use disorders* 46,261   (8.9%) 17,178   (6.6%) 16,940   (6.5%) 899 (10.1%) 
Alcohol  37,328   (7.2%) 14,095   (5.4%) 13,913   (5.4%) 626   (7.1%) 
Other  20,901   (4.0%) 6,935   (2.7%) 6,827   (2.6%) 463   (5.2%) 
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Base Population 
(N = 518,427) 
 
Study Samples 
Attempted 
Suicide Study 
(n = 261,304)  
MVA  
Study 
(n = 259,617) 
Opioid 
Overdose 
Study 
(n = 8,868) 
Healthcare Utilization     
Outpatient Clinic Visits 17.1 (24.9) 15.4 (21.3) 15.2 (20.8) 29.0 (28.3) 
Primary Care 2.7   (2.7) 2.7   (2.6) 2.6   (2.6) 4.5   (4.0) 
Mental Health  3.4   (9.5) 2.6   (7.3) 2.6   (7.3) 5.1 (10.0) 
Substance Abuse 0.8   (7.5) 0.6   (6.2) 0.6   (6.1) 0.7   (5.9) 
Note: Psychiatric conditions and healthcare utilization presented in this table were measured during the first year following  
the initial TBI screen. 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New Dawn. 
 VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder; MVA = motor vehicle accident. 
*Includes substance abuse and dependence  
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Table A.7 – Prevalence of psychiatric conditions in each year of the study period among OEF/OIF/OND 
Veterans receiving care at the VHA 
 Year 1 
(n = 261,304) 
Year 2 
(n = 223,865) 
Year 3 
(n =148,757) 
Year 4 
(n = 99,526) 
Year 5 
(n = 54,867) 
PTSD 47,929 (18.3%) 27,636 (12.3%) 18,783 (12.6%) 11,916 (12.0%) 6,162 (11.2%) 
Depression 39,369 (15.1%) 20,921   (9.3%) 14,207   (9.6%) 9,033   (9.1%) 4,584   (8.4%) 
Anxiety disorder 24,368   (9.3%) 11,602   (5.2%) 7,683   (5.2%) 4,649   (4.7%) 2,368   (4.3%) 
Substance use disorders*      
Alcohol  14,095 (5.4%) 6,859 (3.1%)  4,322 (2.9%) 2,574 (2.6%) 1,188 (2.2%) 
Other  6,935 (2.7%) 4,199 (1.9%) 2,762 (1.9%) 1,691 (1.7%) 846 (1.5%) 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New Dawn.  
VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder.  
*Includes substance abuse and dependence  
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Table A.8 – Rate of attempted suicide between Fiscal Years 2007 and 2012 
among OEF/OIF/OND Veterans with and without TBI, by demographic and 
psychiatric conditions: All Veterans  
 
# 
Events PY 
Crude Rate* 
(95% CI) 
Crude RR 
Rate Ratio  
 
(95% CI) 
Main Comparison     
No TBI 266 516,671 5.15 (4.53, 5.77) REF 
TBI 187 93,393 20.02 (17.15, 22.89) 3.89 (3.23, 4.69) 
Potential Modifier     
Age     
18–30     
No TBI 194 338,214 5.74 (4.93, 6.54) REF 
TBI 142 66,846 21.24 (17.75, 24.74) 4.13 (3.37, 5.06) 
31–40     
No TBI 72 178,485 4.03 (3.1, 4.97) REF 
TBI 45 26,547 16.95 (12, 21.9) 3.29 (2.4, 4.52) 
Sex     
Females     
No TBI 60 97,557 6.15 (4.59, 7.71) REF 
TBI 14 4,439 31.54 (18.06, 51.5) 6.13 (3.58, 10.49) 
Males     
No TBI 206 419,114 4.92 (4.24, 5.59) REF 
TBI 173 88,954 19.45 (16.55, 22.35) 3.78 (3.12, 4.57) 
Race     
White     
No TBI 69 190,445 3.62 (2.77, 4.48) REF 
TBI 43 23,932 17.97 (12.6, 23.34) 3.49 (2.53, 4.82) 
Other     
No TBI 197 326,226 6.04 (5.2, 6.88) REF 
TBI 144 69,461 20.73 (17.34, 24.12) 4.03 (3.29, 4.93) 
Marital Status     
Single     
No TBI 105 209,372 5.01 (4.06, 5.97) REF 
TBI 64 29,565 21.65 (16.34, 26.95) 4.2 (3.2, 5.52) 
Married     
No TBI 80 202,426 3.95 (3.09, 4.82) REF 
TBI 63 42,379 14.87 (11.19, 18.54) 2.89 (2.19, 3.8) 
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# 
Events PY 
Crude Rate* 
(95% CI) 
Crude RR 
Rate Ratio  
 
(95% CI) 
Divorced, separated, other     
No TBI 81 104,873 7.72 (6.04, 9.41) REF 
TBI 60 21,448 27.97 (20.9, 35.05) 5.43 (4.11, 7.19) 
PTSD     
No PTSD     
No TBI 125 437,445 2.86 (2.36, 3.36) REF 
TBI 13 22,735 5.72 (2.61, 8.83) 1.11 (0.64, 1.94) 
PTSD     
No TBI 141 79,226 17.8 (14.86, 20.73) REF 
TBI 174 70,658 24.63 (20.97, 28.28) 4.78 (3.95, 5.79) 
Depression     
No Depression     
No TBI 61 418,925 1.46 (1.09, 1.82) REF 
TBI 40 52,310 7.65 (5.28, 10.02) 1.49 (1.07, 2.07) 
Depression     
No TBI 205 97,747 20.97 (18.1, 23.84) REF 
TBI 147 41,083 35.78 (30, 41.57) 6.95 (5.68, 8.5) 
Anxiety Disorder     
No Anxiety Disorder     
No TBI 137 450,897 3.04 (2.53, 3.55) REF 
TBI 101 70,679 14.29 (11.5, 17.08) 2.78 (2.21, 3.49) 
Anxiety Disorder     
No TBI 129 65,775 19.61 (16.23, 23) REF 
TBI 86 22,714 37.86 (29.86, 45.86) 7.35 (5.77, 9.38) 
Substance Abuse/Dependence     
No Substance Use Disorder     
No TBI 102 476,959 2.14 (1.72, 2.55) REF 
TBI 49 70,181 6.98 (5.03, 8.94) 1.36 (1, 1.84) 
Substance Use Disorder     
No TBI 164 39,712 41.3 (34.98, 47.62) REF 
TBI 138 23,212 59.45 (49.53, 69.37) 11.55 (9.4, 14.18) 
Note: The psychiatric conditions were defined as a diagnosis at any time during the study period. 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New 
Dawn;  
VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder.  
* Crude rate = number of attempted suicides per 10,000 PY 
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Table A.9 – Biological interaction between TBI and PTSD with attempted 
suicide between Fiscal Years 2007 and 2012 among OEF/OIF/OND Veterans 
receiving care at the VHA: Overall and by subgroups 
 PTSD No PTSD 
TBI No TBI TBI No TBI 
Study Sample     
Attempted suicide 174 141 13 125 
Person-years 70,658 79,226 22,735 437,445 
Rate  24.63 17.80 5.72 2.86 
Rate difference 6.83/10,000 PY 2.86/10,000 PY 
Interaction contrast 6.83 – 2.86 =  3.97/10,000 PY 
Males only     
Attempted suicide 163 112 10 94 
Person-years 67,571 63,471 21,383 355,643 
Rate  24.12 17.65 4.68 2.64 
Rate difference 6.48/10,000 PY 2.03/10,000 PY 
Interaction contrast 6.48 – 2.03 =  4.44/10,000 PY  
Excluding moderate or severe 
TBI 
    
Attempted suicide 143 141 10 125 
Person-years 56,729 79,226 18,705 437,445 
Rate  25.21 17.80 5.35 2.86 
Rate difference 7.41/10,000 PY 2.49/10,000 PY 
Interaction contrast 7.41 – 2.49 =  4.92/10,000 PY  
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
PTSD = post-traumatic stress disorder. 
Rate = number of attempted suicides per 10,000 person-years. 
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Table A.10 – Biological interaction between TBI and depression with 
attempted suicide between Fiscal Years 2007 and 2012 among OEF/OIF/OND 
Veterans receiving care at the VHA: Overall and by subgroups 
 
 Depression No Depression 
TBI No TBI TBI No TBI 
Study Sample     
Attempted suicide 147 205 40 61 
Person-years 41,083 97,747 52,310 418,925 
Rate  35.78 20.97 7.65 1.46 
Rate difference 14.81/10,000 PY 6.19/10,000 PY 
Interaction contrast 14.81 – 6.19 = 8.62/10,000 PY 
Males only     
Attempted suicide 135 155 38 51 
Person-years 38,499 70,562 50,456 348,552 
Rate  35.07 21.97 7.53 1.46 
Rate difference 13.10/10,000 PY 6.07/10,000 PY 
Interaction contrast 13.10 – 6.07 = 7.03/10,000 PY 
Excluding moderate or severe 
TBI 
    
Attempted suicide 119 205 34 61 
Person-years 32,544 97,747 42,890 418,925 
Rate  36.57 20.97 7.93 1.46 
Rate difference 15.59/10,000 PY 6.47/10,000 PY 
Interaction contrast 15.59 – 6.47 = 9.12/10,000 PY 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
Rate = number of attempted suicides per 10,000 person-years. 
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Table A.11 – Biological interaction between TBI and anxiety disorder with 
attempted suicide between Fiscal Years 2007 and 2012 among OEF/OIF/OND 
Veterans receiving care at the VHA: Overall and by subgroups 
 
 Anxiety  No Anxiety  
TBI No TBI TBI No TBI 
Study Sample     
Attempted suicide 86 129 101 137 
Person-years 22,714 65,775 70,679 450,897 
Rate  37.86 19.61 14.29 3.04 
Rate difference 18.25/10,000 PY 11.25/10,000 PY 
Interaction contrast 18.25 – 11.25 = 7.00/10,000 PY 
Males only     
Attempted suicide 80 95 93 111 
Person-years 21,197 49,268 67,757 369,846 
Rate  37.74 19.28 13.73 3.00 
Rate difference 18.46/10,000 PY 10.72/10,000 PY 
Interaction contrast 18.46 – 10.72 = 7.73/10,000 PY 
Excluding moderate or severe 
TBI 
    
Attempted suicide 70 129 83 137 
Person-years 18,225 65,775 57,208 450,897 
Rate  38.41 19.61 14.51 3.04 
Rate difference 18.80/10,000 PY 11.47/10,000 PY 
Interaction contrast 18.80 – 11.47 = 7.33/10,000 PY 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
Rate = number of attempted suicides per 10,000 person-years. 
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Table A.12 – Biological interaction between TBI and substance use disorder 
with attempted suicide between Fiscal Years 2007 and 2012 among 
OEF/OIF/OND Veterans receiving care at the VHA: Overall and by subgroups 
 Substance Use No Substance Use 
TBI No TBI TBI No TBI 
Study Sample     
Attempted suicide 138 164 49 102 
Person-years 23,212 39,712 70,181 476,959 
Rate  59.45 41.30 6.98 2.14 
Rate difference 18.15/10,000 PY 4.84/10,000 PY 
Interaction contrast 18.15 – 4.84 = 13.31/10,000 PY 
Males only     
Attempted suicide 131 136 42 70 
Person-years 22,679 35,302 66,275 383,812 
Rate  57.76 38.52 6.34 1.82 
Rate difference 19.24/10,000 PY 4.51/10,000 PY 
Interaction contrast 19.24 – 4.51 = 14.72/10,000 PY 
Excluding moderate or severe 
TBI 
    
Attempted suicide 115 164 38 102 
Person-years 18,756 39,712 56,678 476,959 
Rate  61.31 41.30 6.70 2.14 
Rate difference 20.02/10,000 PY 4.57/10,000 PY 
Interaction contrast 20.02 – 4.57= 15.45/10,000 PY 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
Rate = number of attempted suicides per 10,000 person-years. 
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Table A.13 – Direct and indirect effects of TBI and attempted suicide, with the number of psychiatric conditions 
as mediators, between FY 2008 and 2012, by subgroup 
 
Males Only 
Excluding Moderate or 
Severe TBI 
Hazard Ratio 
 (95% CI ) 
% 
Mediated 
Hazard Ratio 
 (95% CI ) 
% 
Mediated 
TBI vs. No TBI 1.15 (0.97, 1.38)  1.27 (1.06, 1.52)  
Age 0.94 (0.92, 0.96)  0.94 (0.92, 0.96)  
Sex (Females vs. Males) 1.17 (0.93, 1.48)  1.15 (0.91, 1.45)  
Race (White vs. Other) 1.71 (1.34, 2.19)  1.54 (1.25, 1.90)  
Marital Status (vs. single)     
Married  0.90 (0.70, 1.15)  0.91 (0.73, 1.14)  
Divorced/Separated 1.73 (1.36, 2.21)  1.62 (1.30, 2.02)  
Number of psychiatric conditions* 3.07 (2.59, 3.64) 85.3% 2.92 (2.50, 3.42) 81.5% 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New Dawn. 
VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder.  
% Mediated = proportion of the total effect that was explained by the mediator was computed as the beta coefficient for 
the indirect effect divided by the beta coefficient for the total effect. 
* Ordinal measure of co-occurrence (none, single diagnosis, and two or more diagnoses). 
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Table A.14 – Bias Analysis of non-differential misclassification of TBI 
exposure 
Uncorrected 
RR 
 Corrected RR 
Se=0.90 Se=0.80 Se=0.70 
3.78 Sp = 1.00 4.02 4.37 4.98 
 Sp = 0.99 4.19 4.56 5.19 
 Sp = 0.95 5.18 5.64 6.43 
Note: Se = sensitivity, Sp = specificity, RR = Risk Ratio. 
 
 
Table A.15 – Bias analysis of differential misclassification of attempted suicide 
outcome 
Uncorrected 
RR 
Corrected RR 
Se(TBI+)=0.95,  
Se(TBI-)=0.90 
Se(TBI+)=0.95,  
Se(TBI-)=0.80 
Se(TBI+)=0.95,  
Se(TBI-)=0.70 
3.78 3.58 3.18 2.79 
Note: Se = sensitivity, RR = Risk Ratio.  
All analyses assume perfect specificity. 
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Table A.16 – Prevalence of psychiatric conditions in each year of the study period among OEF/OIF/OND 
Veterans receiving care at the VHA 
 Year 1 
(n = 259,617) 
Year 2 
(n = 222,362) 
Year 3 
(n =147,570) 
Year 4 
(n = 98,623) 
Year 5 
(n = 54,324) 
PTSD 47,234 (18.2%) 27,102 (12.2%) 18,376 (12.5%) 11,630 (11.8%) 6,000 (11.0%) 
Depression 38,840 (15.0%) 20,530 (9.2%) 13,955 (9.5%) 8,831 (9.0%) 4,489 (8.3%) 
Anxiety disorder 24,065 (9.3%) 11,401 (5.1%) 7,545 (5.1%) 4,528 (4.6%) 2,309 (4.3%) 
Substance use disorders*      
Alcohol  14,095 (5.4%) 6,750 (3.0%)  4,267 (2.9%) 2,527 (2.6%) 1,158 (2.1%) 
Other  6,935 (2.7%) 4,097 (1.8%) 2,711 (1.8%) 1,658 (1.7%) 838 (1.5%) 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New Dawn. 
 VHA = Veterans Health Administration. PTSD = post-traumatic stress disorder.  
*Includes substance abuse and dependence  
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Table A.17 – Rate of motor vehicle accidents between Fiscal Years 2007 and 
2012 among OEF/OIF/OND Veterans with and without TBI, by demographic 
and psychiatric conditions: All Veterans  
 
# 
Events 
PY 
Crude Rate* 
(95% CI) 
Crude  
Rate Ratio  
 
(95% CI) 
Main Comparison     
No TBI 382 513,848 7.43 (6.69, 8.18) REF 
TBI 107 91,442 11.7 (9.48, 13.92) 1.57 (1.27, 1.95) 
Potential Modifier     
Age     
18–30     
No TBI 273 336,449 8.11 (7.15, 9.08) REF 
TBI 84 65,614 12.8 (10.06, 15.54) 1.72 (1.36, 2.18) 
31–40     
No TBI 109 177,399 6.14 (4.99, 7.3) REF 
TBI 23 25,828 8.91 (5.27, 12.54) 1.2 (0.79, 1.82) 
Sex     
Females     
No TBI 80 96,943 8.25 (6.44, 10.06) REF 
TBI 8 4,268 18.74 (8.84, 35.37) 2.52 (1.25, 5.08) 
Males     
No TBI 302 416,906 7.24 (6.43, 8.06) REF 
TBI 99 87,174 11.36 (9.12, 13.59) 1.53 (1.22, 1.91) 
Race     
White     
No TBI 155 189,449 8.18 (6.89, 9.47) REF 
TBI 24 23,597 10.17 (6.1, 14.24) 1.37 (0.91, 2.07) 
Other     
No TBI 227 324,400 7 (6.09, 7.91) REF 
TBI 83 67,844 12.23 (9.6, 14.87) 1.65 (1.3, 2.09) 
Marital Status     
Single     
No TBI 166 208,338 7.97 (6.76, 9.18) REF 
TBI 42 29,153 14.41 (10.05, 18.76) 1.94 (1.41, 2.67) 
Married     
No TBI 128 201,320 6.36 (5.26, 7.46) REF 
TBI 38 41,362 9.19 (6.27, 12.11) 1.24 (0.89, 1.72) 
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# 
Events 
PY 
Crude Rate* 
(95% CI) 
Crude  
Rate Ratio  
 
(95% CI) 
Divorced, separated, other     
No TBI 88 104,190 8.45 (6.68, 10.21) REF 
TBI 27 20,927 12.9 (8.04, 17.77) 1.74 (1.17, 2.56) 
PTSD     
No PTSD     
No TBI 302 435,273 6.94 (6.16, 7.72) REF 
TBI 17 22,462 7.57 (3.97, 11.17) 1.02 (0.63, 1.65) 
PTSD     
No TBI 80 78,575 10.18 (7.95, 12.41) REF 
TBI 90 68,980 13.05 (10.35, 15.74) 1.76 (1.39, 2.21) 
Depression     
No Depression     
No TBI 289 417,073 6.93 (6.13, 7.73) REF 
TBI 49 51,429 9.53 (6.86, 12.2) 1.28 (0.95, 1.73) 
Depression     
No TBI 93 96,775 9.61 (7.66, 11.56) REF 
TBI 58 40,013 14.5 (10.76, 18.23) 1.95 (1.48, 2.57) 
Anxiety Disorder     
No Anxiety Disorder     
No TBI 312 448,766 6.95 (6.18, 7.72) REF 
TBI 69 69,408 9.94 (7.6, 12.29) 1.34 (1.03, 1.73) 
Anxiety Disorder     
No TBI 70 65,083 10.76 (8.24, 13.28) REF 
TBI 38 22,034 17.25 (11.76, 22.73) 2.32 (1.66, 3.24) 
Substance Abuse/Dependence     
No Substance Use Disorder     
No TBI 324 474,434 6.83 (6.09, 7.57) REF 
TBI 66 68,784 9.6 (7.28, 11.91) 1.29 (0.99, 1.68) 
Substance Use Disorder     
No TBI 58 39,414 14.72 (10.93, 18.5) REF 
TBI 41 22,658 18.1 (12.56, 23.63) 2.43 (1.76, 3.36) 
Note: The psychiatric conditions were defined as a diagnosis at any time during the study period. 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New Dawn;  
VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder.  
* Crude rate = number of motor vehicle accidents per 10,000 PY 
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Table A.18 – Biological interaction between TBI and PTSD with motor vehicle 
accidents between Fiscal Years 2007 and 2012 among OEF/OIF/OND Veterans 
receiving care at the VHA: Overall and by subgroups 
 PTSD No PTSD 
TBI No TBI TBI No TBI 
Study Sample     
Motor vehicle accidents 90 80 17 302 
Person-years 68,980 78,575 22,462 435,273 
Rate  13.05 10.18 7.57 6.94 
Rate difference 2.87/10,000 PY 0.63/10,000 PY 
Interaction contrast 2.87 – 0.63 =  2.24/10,000 PY 
Males only     
Motor vehicle accidents 84 64 15 238 
Person-years 66,016 62,948 21,157 353,957 
Rate  12.72 10.17 7.09 6.72 
Rate difference 2.56/10,000 PY 0.37/10,000 PY 
Interaction contrast 2.56 – 0.37 =  2.19/10,000 PY  
Excluding moderate or severe 
TBI 
    
Motor vehicle accidents 72 80 13 302 
Person-years 55,564 78,575 18,530 435,273 
Rate  12.96 10.18 7.02 6.94 
Rate difference 2.78/10,000 PY 0.08/10,000 PY 
Interaction contrast 2.78 – 0.08 =  2.70/10,000 PY  
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
PTSD = post-traumatic stress disorder. 
Rate = number of motor vehicle accidents per 10,000 person-years. 
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Table A.19 – Biological interaction between TBI and depression with motor 
vehicle accidents between Fiscal Years 2007 and 2012 among OEF/OIF/OND 
Veterans receiving care at the VHA: Overall and by subgroups 
 Depression No Depression 
TBI No TBI TBI No TBI 
Study Sample     
Motor vehicle accidents 58 93 49 289 
Person-years 40,013 96,775 51,429 417,073 
Rate  14.50 9.61 9.53 6.93 
Rate difference 4.89/10,000 PY 2.60/10,000 PY 
Interaction contrast 4.89 – 2.60 = 2.29/10,000 PY 
Males only     
Motor vehicle accidents 55 70 44 232 
Person-years 37,527 69,881 49,647 347,025 
Rate  14.66 10.02 8.86 6.69 
Rate difference 4.64/10,000 PY 2.18/10,000 PY 
Interaction contrast 4.64 – 2.18 = 2.46/10,000 PY 
Excluding moderate or severe 
TBI 
    
Motor vehicle accidents 45 93 40 289 
Person-years 31,822 96,775 42,272 417,073 
Rate  14.14 9.61 9.46 6.93 
Rate difference 4.53/10,000 PY 2.53/10,000 PY 
Interaction contrast 4.53 – 2.53 = 2.00/10,000 PY 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
Rate = number of motor vehicle accidents per 10,000 person-years. 
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Table A.20 – Biological interaction between TBI and anxiety disorder with 
motor vehicle accidents between Fiscal Years 2007 and 2012 among 
OEF/OIF/OND Veterans receiving care at the VHA: Overall and by subgroups 
 Anxiety  No Anxiety  
TBI No TBI TBI No TBI 
Study Sample     
Motor vehicle accidents 38 70 69 312 
Person-years 22,034 65,083 69,408 448,766 
Rate  17.25 10.76 9.94 6.95 
Rate difference 6.49/10,000 PY 2.99/10,000 PY 
Interaction contrast 6.49 – 2.99 = 3.50/10,000 PY 
Males only     
Motor vehicle accidents 37 55 62 247 
Person-years 20,607 48,766 66,567 368,139 
Rate  17.96 11.28 9.31 6.71 
Rate difference 6.68/10,000 PY 2.60/10,000 PY 
Interaction contrast 6.68 – 2.60 = 4.07/10,000 PY 
Excluding moderate or severe 
TBI 
    
Motor vehicle accidents 33 70 52 312 
Person-years 17,732 65,083 56,362 448,766 
Rate  18.61 10.76 9.23 6.95 
Rate difference 7.85/10,000 PY 2.27/10,000 PY 
Interaction contrast 7.85 – 2.27 = 5.58/10,000 PY 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
Rate = number of motor vehicle accidents per 10,000 person-years. 
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Table A.21– Biological interaction between TBI and substance use disorder 
with motor vehicle accidents between Fiscal Years 2007 and 2012 among 
OEF/OIF/OND Veterans receiving care at the VHA: Overall and by subgroups 
 Substance Use No Substance Use 
TBI No TBI TBI No TBI 
Study Sample     
Motor vehicle accidents 41 58 66 324 
Person-years 22,658 39,414 68,784 474,434 
Rate  18.10 14.72 9.60 6.83 
Rate difference 3.38/10,000 PY 2.77/10,000 PY 
Interaction contrast 3.38 – 2.77 = 0.61/10,000 PY 
Males only     
Motor vehicle accidents 41 50 58 252 
Person-years 22,145 35,011 65,029 381,895 
Rate  18.51 14.28 8.92 6.60 
Rate difference 4.23/10,000 PY 2.32/10,000 PY 
Interaction contrast 4.23 – 2.32 = 1.91/10,000 PY 
Excluding moderate or severe 
TBI 
    
Motor vehicle accidents 36 58 49 324 
Person-years 18,362 39,414 55,732 474,434 
Rate  19.61 14.72 8.79 6.83 
Rate difference 4.89/10,000 PY 1.96/10,000 PY 
Interaction contrast 4.89 – 1.96 = 2.93/10,000 PY 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
Rate = number of motor vehicle accidents per 10,000 person-years. 
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Table A.22 – Direct and indirect effects of TBI and motor vehicle accidents, with the number of psychiatric 
conditions as mediators, between FY 2007 and 2012, by subgroup 
 
Males Only 
Excluding Moderate or 
Severe TBI 
Hazard Ratio 
 (95% CI ) 
% 
Mediated 
Hazard Ratio 
 (95% CI ) 
% 
Mediated 
TBI vs. No TBI 1.09 (0.89, 1.34)  1.12 (0.91, 1.38)  
Age 0.96 (0.94, 0.98)  0.96 (0.94, 0.98)  
Sex (Females vs. Males) ---  1.06 (0.85, 1.32)  
Race (White vs. Other) 0.93 (0.76, 1.14)  0.89 (0.75, 1.07)  
Marital Status (vs. single)     
Married  0.94 (0.75, 1.18)  0.91 (0.74, 1.12)  
Divorced/Separated 1.17 (0.91, 1.50)  1.17 (0.93, 1.46)  
Number of psychiatric conditions* 1.35 (1.13, 1.61) 71.4% 1.31 (1.12, 1.54) 63.4% 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New Dawn. 
VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder.  
% Mediated = proportion of the total effect that was explained by the mediator was computed as the beta coefficient for the  
indirect effect divided by the beta coefficient for the total effect. 
* Ordinal measure of co-occurrence (none, single diagnosis, and two or more diagnoses). 
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Table A.23 – Bias analysis of differential misclassification of motor vehicle 
accident outcome 
Uncorrected 
RR 
Corrected RR 
Se(TBI+)=0.95,  
Se(TBI-)=0.90 
Se(TBI+)=0.95,  
Se(TBI-)=0.80 
Se(TBI+)=0.95,  
Se(TBI-)=0.70 
1.53 1.45 1.29 1.13 
Note: Se = sensitivity, RR = Risk Ratio.  
All analyses assume perfect specificity. 
 
 
Table A.24 – Bias Analysis of non-differential misclassification of TBI 
exposure 
Uncorrected 
RR 
 Corrected RR 
Se=0.90 Se=0.80 Se=0.70 
1.53 Sp = 1.00 1.55 1.57 1.60 
 Sp = 0.99 1.58 1.60 1.63 
 Sp = 0.95 1.76 1.79 1.82 
Note: Se = sensitivity, Sp = specificity, RR = Risk Ratio. 
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Table A.25 – Prevalence of psychiatric conditions in each year of the study period among OEF/OIF/OND 
Veterans receiving care at the VHA 
 Year 1 
(n = 8,868) 
Year 2 
(n = 7,408) 
Year 3 
(n =5,159) 
Year 4 
(n = 3,455) 
Year 5 
(n = 1,885) 
PTSD 3,639 (41.0%) 2,505 (33.8%) 1,725 (33.4%) 1,020 (29.5%) 478 (25.4%) 
Depression 2,664 (30.0%) 1,709 (23.1%) 1,201 (23.3%) 731 (21.2%) 381 (20.2%) 
Anxiety disorder 1,517 (17.1%) 861 (11.6%) 574 (11.1%) 318 (9.2%) 150 (8.0%) 
Substance use disorders*      
Alcohol  626 (7.1%) 440 (5.9%) 305 (5.9%) 158 (4.6%) 74 (3.9%) 
Other  463 (5.2%) 384 (5.2%) 312 (6.0%) 180 (5.2%) 88 (4.7%) 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New Dawn. 
 VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder.  
*Includes substance abuse and dependence  
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Table A.26 – Rate of opioid overdose between Fiscal Years 2007 and 2012 
among OEF/OIF/OND Veterans with and without TBI, by demographic and 
psychiatric conditions: All Veterans  
 
# 
Events 
PY 
Crude Rate* 
(95% CI) 
Crude  
Rate Ratio  
 
(95% CI) 
Main Comparison     
No TBI 36 13,373 26.92 (18.13, 35.71) REF 
TBI 43 7,589 56.66 (39.73, 73.60) 2.10 (1.35, 3.28) 
Potential Modifier     
Age     
18–30     
No TBI 25 7,529 33.2 (20.19, 46.22) REF 
TBI 30 5,069 59.18 (38.00, 80.36) 2.20 (1.35, 3.57) 
31–40     
No TBI 11 5,844 18.82 (7.70, 29.95) REF 
TBI 13 2,521 51.57 (23.53, 79.60) 1.92 (1.02, 3.61) 
Sex     
Females     
No TBI 7 2,003 34.95 (9.06, 60.84) REF 
TBI 3 329 91.19 (25.24, 243.28) 3.39 (1.04, 11) 
Males     
No TBI 29 11,370 25.51 (16.22, 34.79) REF 
TBI 40 7,260 55.1 (38.02, 72.17) 2.05 (1.3, 3.21) 
Race     
White     
No TBI 5 3,491 14.32 (1.77, 26.88) REF 
TBI 7 1,455 48.11 (12.47, 83.75) 1.79 (0.80, 4.02) 
Other     
No TBI 31 9,882 31.37 (20.33, 42.41) REF 
TBI 36 6,134 58.69 (39.52, 77.86) 2.18 (1.37, 3.46) 
Marital Status     
Single     
No TBI 10 3,500 28.57 (10.86, 46.28) REF 
TBI 7 1,644 42.58 (11.04, 74.12) 1.58 (0.7, 3.55) 
Married     
No TBI 16 6,543 24.45 (12.47, 36.44) REF 
TBI 21 4,005 52.43 (30.01, 74.86) 1.95 (1.14, 3.34) 
  
128
 
# 
Events 
PY 
Crude Rate* 
(95% CI) 
Crude  
Rate Ratio  
 
(95% CI) 
Divorced, separated, other     
No TBI 10 3,330 30.03 (11.42, 48.64) REF 
TBI 15 1,941 77.28 (38.17, 116.39) 2.87 (1.57, 5.24) 
PTSD     
No PTSD     
No TBI 14 9,092 15.40 (7.33, 23.46) REF 
TBI 4 1,044 38.31 (0.77, 75.86) 1.42 (0.51, 4.00) 
PTSD     
No TBI 22 4,281 51.39 (29.92, 72.86) REF 
TBI 39 6,545 59.59 (40.89, 78.29) 2.21 (1.41, 3.48) 
Depression     
No Depression     
No TBI 11 7,903 13.92 (5.69, 22.14) REF 
TBI 9 3,392 26.53 (9.20, 43.87) 0.99 (0.47, 2.05) 
Depression     
No TBI 25 5,470 45.7 (27.79, 63.62) REF 
TBI 34 4,198 80.99 (53.77, 108.22) 3.01 (1.88, 4.81) 
Anxiety Disorder     
No Anxiety Disorder     
No TBI 22 9,913 22.19 (12.92, 31.47) REF 
TBI 22 5,360 41.04 (23.89, 58.20) 1.52 (0.9, 2.59) 
Anxiety Disorder     
No TBI 14 3,460 40.46 (19.27, 61.66) REF 
TBI 21 2,229 94.21 (53.92, 134.51) 3.50 (2.04, 5.99) 
Substance Abuse/Dependence     
No Substance Use 
Disorder 
    
No TBI 18 11,336 15.88 (8.54, 23.21) REF 
TBI 13 5,419 23.99 (10.95, 37.03) 0.89 (0.47, 1.68) 
Substance Use Disorder     
No TBI 18 2,037 88.37 (47.54, 129.19) REF 
TBI 30 2,170 138.25 (88.78, 187.72) 5.14 (3.16, 8.34) 
Sedative/hypnotic use     
No Sedative/hypnotic use     
No TBI 14   7,483 18.71 (8.91, 28.51) REF 
TBI 19   5,890 32.26 (17.75, 46.76) 1.20 (0.69, 2.09) 
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# 
Events 
PY 
Crude Rate* 
(95% CI) 
Crude  
Rate Ratio  
 
(95% CI) 
Sedative/hypnotic use     
No TBI 22    5,890 37.35 (21.74, 52.96) REF 
TBI 24    4,940 48.58 (29.15, 68.02) 1.80 (1.08, 3.03) 
Initial dose     
Low dose (< 50 mg)     
No TBI 32  12,645 25.31 (16.54, 34.07) REF 
TBI 33    7,042 46.86 (30.87, 62.85) 1.74 (1.09, 2.79) 
High dose (≥ 50 mg)     
No TBI 4 717 55.79 (1.12, 110.46) REF 
TBI 10 542 184.5 (70.15, 298.86) 6.85 (3.40, 13.81) 
Note: The psychiatric conditions were defined as a diagnosis at any time during the study 
period. 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New 
Dawn;  
VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder.  
* Crude rate = number of opioid overdoses per 10,000 PY. 
Dose = morphine-equivalent dose based on index opioid prescription.  
  
130
Table A.27 – Biological interaction between TBI and PTSD with opioid 
overdose between Fiscal Years 2007 and 2012 among OEF/OIF/OND Veterans 
receiving care at the VHA: Overall and by subgroups 
 PTSD No PTSD 
TBI No TBI TBI No TBI 
Study Sample     
Opioid overdoses 39 22 4 14 
Person-years 6,545 4,281 1,044 9,092 
Rate  59.59 51.39 38.31 15.40 
Rate difference 8.20/10,000 PY 22.92/10,000 PY 
Interaction contrast 8.20 – 22.92 =  -14.72/10,000 PY 
Males only     
Opioid overdoses 37 19 3 10 
Person-years 6,279 3,642 981 7,728 
Rate  58.93 52.17 30.58 12.94 
Rate difference 6.76/10,000 PY 17.64/10,000 PY 
Interaction contrast 6.76 – 17.64 =  -10.88/10,000 PY  
Excluding moderate or severe 
TBI 
    
Opioid overdoses 30 22 1 14 
Person-years 5,004 4,281 842 9,092 
Rate  59.95 51.39 11.88 15.40 
Rate difference 8.56/10,000 PY -3.52/10,000 PY 
Interaction contrast 8.56 – (-3.52)=  12.08/10,000 PY  
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
PTSD = post-traumatic stress disorder. 
Rate = number of opioid overdoses per 10,000 person-years. 
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Table A.28 – Biological interaction between TBI and depression with opioid 
overdose between Fiscal Years 2007 and 2012 among OEF/OIF/OND Veterans 
receiving care at the VHA: Overall and by subgroups 
 Depression No Depression 
TBI No TBI TBI No TBI 
Study Sample     
Opioid overdoses 34 25 9 11 
Person-years 4,198 5,470 3,392 7,903 
Rate  80.99 45.70 26.53 13.92 
Rate difference 35.29/10,000 PY 12.61/10,000 PY 
Interaction contrast 35.29– 12.61 = 22.67/10,000 PY 
Males only     
Opioid overdoses 33 18 7 11 
Person-years 3,975 4,421 3,286 6,949 
Rate  83.02 40.71 21.30 15.83 
Rate difference 42.30/10,000 PY 5.47/10,000 PY 
Interaction contrast 42.30 – 5.47 = 36.83/10,000 PY 
Excluding moderate or severe 
TBI 
    
Opioid overdoses 25 25 6 11 
Person-years 3,216 5,470 2,630 7,903 
Rate  77.74 45.70 22.81 13.92 
Rate difference 32.03/10,000 PY 8.89/10,000 PY 
Interaction contrast 32.03 – 8.89 = 23.14/10,000 PY 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
Rate = number of opioid overdoses per 10,000 person-years. 
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Table A.29 – Biological interaction between TBI and anxiety disorder with 
opioid overdose between Fiscal Years 2007 and 2012 among OEF/OIF/OND 
Veterans receiving care at the VHA: Overall and by subgroups 
 Anxiety  No Anxiety  
TBI No TBI TBI No TBI 
Study Sample     
Opioid overdoses 21 14 22 22 
Person-years 2,229 3,460 5,360 9,913 
Rate  94.21 40.46 41.04 22.19 
Rate difference 53.75/10,000 PY 18.85/10,000 PY 
Interaction contrast 53.75 – 18.85 = 34.90/10,000 PY 
Males only     
Opioid overdoses 21 10 19 19 
Person-years 2,096 2,821 5,164 8,549 
Rate  100.19 35.45 36.79 22.22 
Rate difference 64.74/10,000 PY 14.57/10,000 PY 
Interaction contrast 64.74 – 14.57 = 50.17/10,000 PY 
Excluding moderate or severe 
TBI 
    
Opioid overdoses 17 14 14 22 
Person-years 1,681 3,640 4,165 9,913 
Rate  101.13 38.46 33.61 22.19 
Rate difference 62.67/10,000 PY 11.42/10,000 PY 
Interaction contrast 62.67 – 11.42 = 51.25/10,000 PY 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
Rate = number of opioid overdoses per 10,000 person-years. 
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Table A.30 – Biological interaction between TBI and substance use disorder 
with opioid overdose between Fiscal Years 2007 and 2012 among 
OEF/OIF/OND Veterans receiving care at the VHA: Overall and by subgroups 
 Substance Use No Substance Use 
TBI No TBI TBI No TBI 
Study Sample     
Opioid overdoses 30 18 13 18 
Person-years 2,170 2,037 5,419 11,336 
Rate  138.25 88.37 23.99 15.88 
Rate difference 49.88/10,000 PY 8.11/10,000 PY 
Interaction contrast 49.88 – 8.11 = 41.77/10,000 PY 
Males only     
Opioid overdoses 29 16 11 13 
Person-years 2,109 1,826 5,151 9,545 
Rate  137.51 87.62 21.36 13.62 
Rate difference 49.88/10,000 PY 7.74/10,000 PY 
Interaction contrast 49.88 – 7.74 = 42.15/10,000 PY 
Excluding moderate or severe 
TBI 
    
Opioid overdoses 24 18 7 18 
Person-years 1,660 2,037 4,186 11,336 
Rate  144.58 88.37 16.72 15.88 
Rate difference 56.21/10,000 PY 0.84/10,000 PY 
Interaction contrast 56.21 – 0.84 = 55.37/10,000 PY 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom;  
OND = Operation New Dawn. VHA = Veterans Health Administration. 
Rate = number of opioid overdoses per 10,000 person-years. 
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Table A.31 – Direct and indirect effects of TBI and opioid overdoses, with the number of psychiatric conditions 
as mediators, between FY 2007 and 2012, by subgroup 
 
Males Only 
Excluding Moderate or 
Severe TBI Excluding High Dose 
Hazard Ratio 
 (95% CI ) 
% 
Mediated 
Hazard Ratio 
 (95% CI ) 
% 
Mediated 
Hazard Ratio 
 (95% CI ) 
% 
Mediated 
TBI vs. No TBI 1.24 (0.85, 1.82)  1.20 (0.80, 1.79)  1.23 (0.82, 1.86)  
Age 0.95 (0.91, 1.00)  0.95 (0.90, 0.99)  0.93 (0.89, 0.98)  
Sex (Females vs. Males) ---  1.54 (0.84, 2.80)  1.82 (1.01, 3.27)  
Race (White vs. Other) 2.46 (1.38, 4.37)  2.14 (1.24, 3.70)  1.79 (1.07, 3.00)  
Marital Status (vs. single)       
Married  1.04 (0.63, 1.73)  1.11 (0.66, 1.85)  1.04 (0.62, 1.76)  
Divorced/Separated 1.23 (0.72, 2.08)  1.25 (0.74, 2.10)  1.25 (0.74, 2.11)  
Number of psychiatric conditions* 1.52 (1.06, 2.20) 65.6% 1.52 (1.05, 2.21) 73.7% 1.43 (0.98, 2.09) 66.2% 
OEF = Operation Enduring Freedom; OIF = Operation Iraqi Freedom; OND = Operation New Dawn. 
VHA = Veterans Health Administration; PTSD = post-traumatic stress disorder.  
% Mediated = proportion of the total effect that was explained by the mediator was computed as the beta coefficient for the indirect effect 
divided by the beta coefficient for the total effect. 
* Ordinal measure of co-occurrence (none, single diagnosis, and two or more diagnoses). 
High dose = morphine equivalent dose of 50 mg or higher. 
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Table A.32 – Bias Analysis of non-differential misclassification of TBI 
exposure 
Uncorrected 
RR 
 Corrected RR 
Se=0.90 Se=0.80 Se=0.70 
2.03 Sp = 1.00 2.19 2.47 3.12 
 Sp = 0.99 2.21 2.50 3.15 
 Sp = 0.95 2.30 2.60 3.27 
Note: Se = sensitivity, Sp = specificity, RR = Risk Ratio. 
 
 
Table A.33 – Bias analysis of differential misclassification of opioid overdose 
outcome 
Uncorrected 
RR 
Corrected RR 
Se(TBI+)=0.95,  
Se(TBI-)=0.90 
Se(TBI+)=0.95,  
Se(TBI-)=0.80 
Se(TBI+)=0.95,  
Se(TBI-)=0.70 
2.03 1.93 1.71 1.50 
Note: Se = sensitivity, RR = Risk Ratio.  
All analyses assume perfect specificity. 
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